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ABSTRACT
Brown, Brewster and Shechter (J. Am. Chem, Soc.t 76,
Ij-67 (195>̂ )) emphasized the importance of ring strain in 
cyclic systems. They suggested that a change in the coor­
dination number of a ring carbon atom from I|. to 3 (or sp^ 
to sp^) may either increase or decrease the number and 
degree of unfavorable conformations in the systeiru Reactions 
involving this change will be sterically hindered in the 
I4.- and 6-membered ring systems and sterically facilitated 
in the 5>- and 7-membered ring systems. Although the above 
generalization can account for numerous previously 
unexplained phenomena such as the equilibria involving 
exo- and endo-double bond Isomers and the direction of 
olefin formation in terpenes, some studies (Dreiding and 
Hartman, J. Am. Chem. Soc.« 78» 1216 (19f?6)) suggest the 
desirability of further experimental study to test its 
general utility and applicability.
The following addition reactions to a series of 
methylenecycloalkanes (methylenecyclobutane, methylene­
cyclopentane, methylenecyclohexane and methylenecyclo­
heptane) were selected for investigation:
1. The ionic and free radical additions of
hydrogen bromide.
2. The addition of hypochlorous acid,
3. The addition of hypobromous acid.
1+. The addition of chlorine in the presence
and in the absence of extraneous anions.
vii
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viii
A related problem (Part £) Involving the reaction of 
hydrobromic acid with the corresponding methylenecyclo- 
alkane oxides (except methylenecyclobutane oxide) was also 
investigated. The identities of the products (except in 
parts I|. and £) were established by comparison of the 
physical constants and infrared spectra of the addition 
products with authentic samples prepared by independent 
methods. In reactions where mixtures were obtained, the 
ratio of the products was determined by comparison of 
the quantitative infrared spectra of various mixtures of 
the pure compounds with the Infrared spectrum of the 
reaction mixture.
The ionic and radical additions of hydrogen bromide 
were all found to proceed normally, with ionic additions 
leading to tertiary bromides and radical additions to 
primary bromides. Apparently, the destabilizing energy 
due to the formation of intermediates or transition states 
with a trigonal ring carbon in I4.- and 6-membered rings is 
not sufficient to cause abnormal orientations. Some 
rearranged products were isolated from the ionic addition 
of hydrogen bromide to methylenecyclobutane but the 
isomeric bromomethylcyclobutane was not detected. The 
side reaction products were attributed to transannular 
participation within the cyclobutyl ring (Applequist and 
Roberts, J. Am. Chem. Soc,, 789 87̂4- (19^6) )„
Both isomeric chlorohydrins were obtained in the
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ix
addition of hypochlorous acid to methylenecycloalkanes.
The composition of the product is in agreement with that 
predicted by the I-strain theory developed by Brown,
Brewster and Shechterj i*.e», the Ij.- and 6-membered ring 
systems led predominantly to l~chloro-l-hydroxymethylcyclo~ 
alkanes while the 5>- &nd 7-membered ring systems led mostly 
to 1-chloromethylcycloalkanols, Obviously, the relief of 
ring strain is an important factor in determining the 
orientation of hypochlorous acid addition*
The additions of hypobromous acid to methylenecyclo­
alkanes gave mostly 1-bromo-l-hydroxymethylcycloalkanes 
(90-99$) with some cycloalkanecarboxaldehyde (except with 
methylenecyclopentane which gave methylenecyclopentane 
oxide instead of the aldehyde) „ Evidences were obtained 
to show that the side-reaction product came from the 
bromohydrin rather than vice versa* The exclusive forma­
tion of the non-Markownikoff product may be attributed to 
the great tendency of bromine to participate in neighboring 
group displacement reactions, to the preference of Sjj2 
attack at the least substituted carbon and to repulsion 
between non-bonded atoms in the transition state due in part 
to the steric requirements of the cycloalkane ring.
The addition of chlorine to methylenecyclobutane 
yielded the dichloride in addition to some rearranged 
products attributed to transannular participation* The 
addition to the other methylenecycloalkanes gave mainly 
chloromethylcycloalkenes probably by way of a transient
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
X
ring intermediate (Lee, Dias, Abstr,, XV, 39 (1955?))« 'Hie 
products formed in the presence of extraneous anions were 
attributed either to mass effect or I-strain,
The addition of hydrobromic acid to methylenecyclo- 
alkane oxides gave 1-bromo-l-hydroxymethylcycloalkanes and 
cyqloalkanecarboxaldehydes regardless of ring size. The 
varying amount of aldehyde formed was attributed to I-strain 
effects in the transition state.
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A WORD TO THE WISE.
"The wayfarer, perceiving the pathway to truth, was
struck to find it so thickly overgrown with weeds. 
’Ah, ’ he said, ’I see that no one has passed this way 
in a long time„’
"But, discovering that each blade of grass was a 
singular knife,
Turning back, he muttered,
'Doubtless, there are other ways.'"
S. Crane
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I. INTRODUCTION
The mechanism of addition reactions of olefins is 
probably far from being fully elucidated at present,, 
Various competing polar and steric factors complicate 
the problem0 Althotigh the classical carbonium ion theory
to overcome this deficiency is not fully satisfactory 
since it does not explain the following:
10 Why do olefins react only with positive 
ions? The carbon-carbon double bond is symm­
etrical and hence should equally well add 
negative ions^p e0g„,
2„ Since the addition product is presumably 
formed by an SN2 attack on the cyclic carbonium 
ion intermediate9 the product that can be 
expected to predominate will be the one wherein
(1) Prankland9 J„ Chem, Soc0, 101, 673 (1912)0
(2) Roberts and Kimball, J„ Am„ Chem, Soc., 5>9a 
9k7 (1937)o
(3) Dewar j J, Chem, Soc „, lj.06 (19̂ 4-6) I Bull, soc 
chim, France, (£)s IBa'<, C7'l“Tl9.9l ).
does not explain the observed trans-addition to olefins-*-, 
the suggestion of a cyclic carbonium ion intermediate^
7“ t )
1
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2
the anion or potential anion is attached to 
the least substituted ethylenic carbon atom̂ -.
The following reactions^ show otherwise:
CH3CHBCH2 4- Br2 .— --- » CH3CHClCH2Br * CB^CHBrCE^Cl
CH3CH=CH2 + IC1 — — — CH3GHGICH2I f CH3CHICH2CI
66% 33%
cf-CHsCH2 * IG1 ■> ^-CHC1CH2I -f- jzf-CHIC^Cl
% %  $%
Wheland^ attributes the above orientation to the
greater ease of bond-breaking of a secondary C-X bond
compared to that of a primary C«~X bond* He bases this
conclusion on the observation that a radical reagent
preferentially attacks the least substituted end of an
olefin, suggesting that the terminal atom of such a system
forms a stronger bond than the central one. Hine^ expressed
a similar opinion and considers the ease of bond-breaking
as the most important factor in determining where the Sjj2
attack will occur. However, Hazeldine and Steele? have
(l\.) Second order displacement type reactions take 
place preferentially at the least substituted carbon atom, 
Hughes, Trans. Faraday Soc0 0 37« 612 (I9I4-I). It is also 
the position favored on steric grounds.
(5) Wheland, "Resonance in Organic Chemistry."
John Wiley and Sons, Hew York, N.Y., 1955>> p.J|56.
(6) Hine, "Physical Organic Chemistry." McGraw-Hill 
Book Co., New York, N„Y„, 1956, p.212.
(7) Hazeldine and Steele, J. Chem. Soc., 300!?
(19#).
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shown that the orientation in free radical addition is 
probably governed not by the availability of the terminal 
position hut by the relative stability of the intermediate 
radical that may be formed in the system. An interesting 
example is the following reaction:




in which the radical attack is not on the terminal carbon 
which is more susceptible sterically but on the carbon 
atom which gives the more stable intermediate (through 
hyperconjugation)„
To overcome some of the above mentioned criticisms 
of the carbonium ion theory of addition to olefins, Dewar3 
suggested that the cation combines with the olefin to form 
a pi-complex^. The pi-complex which is formed by the overlap 
of the occupied pi-orbital of the olefin with the empty 
orbital of the cation is then attacked by the anion at the 
carbon atom with a lower pi-electron density. This is the 
one carrying the most alkyl substitudnts. Unfortunately, 
this theory cannot account for the difference in the 
orientation observed in the following reactions:
(8) For example, the pi-complex theory can explain 
why anions do not add to olefins. Approximate molecular 
orbital treatment3 shows that only one of the molecular 
orbitals in the system is bonding so that only a pair of 
electrons can be accommodated and the extra electron or 
pair of electrons (from an anion) would be forced into a 
high energy anti-bonding ̂ .-orbital. Hence, simple anions 
would be too unstable to exist.
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major product
CH3-CH-flH2 + OH” ^  CH3-GH-CH2OH 
NEt2 
major product
Inapite of the inability of existing theories to 
account for the various orientaions observed in the 
addition to olefins, it is generally accepted that the 
first step consists of an electrophilic attack by the 
adding reagent or by one of its components. Extraneous 
ions^ compete with the anion or potential anion of the 
adding reagent in completing the reaction. Hence, the 
ionic addition to olefins is often represented as:
The following observations give us some clues about 
the nature of the attacking cation in hypohalous acid 
additions:
a. The kinetics of hypochlorous acid addition
to various mono-olefins has been found by Chung 
1 0and Israel to be complex. In each reaction, the
(9) Francis, J. Am. Chem. Soc., k 7 1 23l|.l (192£).
(10) Chung and Israel, J. Chem. Soc., 2667 (195^).
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term (HOCl)^ appeared in the kinetic 
equation. It was surmised that this term 
represents the rate of formation of C120 
from H0C1. The CI2O was then suspected of 
giving rise to the chloronium ion,
2 H0G1 - -> C120 H20
c i2o — — Cl* + OCl"^
The potential ease of separation of CI 1̂
11 fifrom CI20 has been calculated to be 10 
times greater than that from H0C1„ 
b,(l). For the chlorination of reactive 
aromatic compounds with hypochlorous acid^^ 
in the presence of perchloric acid and 
silver perchlorate-^, the velocity coefficient 
is dependent on the acidity and is independent 
of the concentration of the aromatic compound. 
Hence, the aromatic compound is not involved 
In the rate-determining step of the reaction.
It was concluded that the measured rate Is that
(11) Reeve and Israel, J. Chem. Soc., 2327 (1952).
(12) de la Mare, Ketley and Vernon, J. Chem. Soc,, 
1290 (19510.
(13) The perchloric acid was used to reduce the 
acid dissociation constant of H0C1 and therefore to decrease 
the concentration of the 0C1" ion thus eliminating completely 
the reaction route through CI2O, The silver perchlorate was 
used to prevent the intervention of chlorine through the 
reaction: H0C1 + H+ + Cl" Cl£ H2O0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of the formation of a more active halogen- 
ating agent than H0G1 which may be Cl^ or
h2oci*.
H0C1 * H+ k  H20C1+
H20C1+ jpa"—  -J H20 + Cl*
(2). With less reactive aromatic compounds
1 ”3the halogenation becomes second order since 
the aromatic compound is not sufficiently
-U.gQ211 - k (ArH) (H0C1)
dt
reactive to combine with the halogenating
agent as fast as it is formed.
C1+ + ArH ■. Ar
v  Cl
+^ H fast +Ar — ra9.5. > ArCl * H*
^  Cl
(3)o With more reactive compounds (certain 
olefins), the addition is also second order 
since the olefin is reactive enough to react 
with the conjugate acid of H0C1 so that it 
need not wait for the formation of Cl*, .i.e..,
)c=c( + h2oci* -ĝ >  H20 +
X + ? (  ♦ h2o fast. n.iCl ' Cl
Ingold-^ suggested that there should be an 
energy barrier between Cl* and H20C1* in
(lij.) Ingold, "Structure and Mechanism in Organic 
Chemistry." Cornell University Press, Ithaca, N.Y., 19̂ lj.,
P.2'93.
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aqueous solution despite the fact that one 
is merely the hydrate of the other, de la 
Mare^ suggested that the formation of Cl*" 
rather than that of I^OCl*" is the rate- 
controlling step in the first-order reaction 
since proton donation from oxygen to oxygen
1^would be too rapid to measure. However, Hine ^ 
doubts whether we can make such an unequivocal 
statement about proton transfer to a very 
weak base.
Swain and Ketley1^ resolved the above question in a 
very simple but elegant manner by a study of the hypo­
chlorous acid halogenation of methyl p-tolyl ether in a 
strong solution of perchloric acid. The original rate 
equation reduced to:
- d (H0C1) _ kt (H0C1)
dt
If the above terms represent a rate-determining proton 
transfer to form H20C1* as an intermediate, the rate 
should be faster in light than in heavy water because of 
the difference in zero point energies^? of and D̂ O*",
3. ,  k]^ kp. Icn .' H30+ * H0C1  ■""> h2oci+ f h2o
D3O+ + D0C1 D20C1+ j- D20
(15) Reference 6, pages 19U- and 3̂ -3o
(16) Swain and Ketley, J. Am. Chem. Soc,. 77> 3̂ -10
(1955).
(17) Urey and Teal, Rev. Mod. Fhy. „ 2., 3U- (1935).
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If they represent instead a rate-determining fission of 
H20C1+ to form 01^“ as intermediate, the rate should be 
slower in light than in heavy water (k^} k^) since the
RpOCl^ ^3-^, H20 4 Cl*
D20C1* '.J& ii> D20 -f C1+ 
acid dissociation constants of protium-protonated compounds 
like H20C1  ̂are generally higher than those of deuterium- 
protonated compounds such as D20C1  ̂so that the hypochlorous 
acidium ion would be lower In concentration in the lighter 
solvent,, It was found that the rate In light water was 
only %2.% that in heavy water0 This result requires the 
interpretation with the chloronium ion as an intermediate* 
de la Mare and Pritchard^-® have shown in connection 
with the addition of H0C1 to allyl chloride that the same 
general pattern (as in aromatic substitution) is followed. 
Both Cl^ and H20C1^ were found to contribute in the initia­
tion of the addition* Similar o b s e r v a t i o n s - ^  have been 
made for aromatic halogenations with hypobromous and 
hypoiodous acids.
The evidences presented above and other numerous 
?0observations characteristic of olefin addition reactions
(18) de la Mare and Pritchard* J„ Chem. Soc*, 3910 
(19^) o ------------------
(19) Derbyshire and Waters* J. Chem* Soc.* 5>6l4-t $ 7 k
(19£0).
(20) For a summary of facts pertinent to the mechan­
ism of addition, see Alexander, ’’Principles of Ionic Organic 
Reactions*” John Wiley and Sons, New York, N„Y*, 1950, p.137*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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make it quite reasonable to assume that the first step in 
the addition of hypohalous acids to olefins may involve 
the formation of a halonium ion, i,.e_.,
)c=Cy * ---->  y c -p s
X X \
I II III IV
in which (II) and (IV) do not necessarily have to be 
resonance forms of (III). Little is known concerning their 
energy relationships and it is not known whether (III) can 
be of sufficient life to be classified as an intermediate^! 
rather than as a transition state separating the other two 
possible intermediate carbonium ions (II) and (IV), However, 
when X is bromine, (II) and (IV) may be resonance forms of
(III) so that the two C~X bonds in (III) may be equivalent. 
This is favored by the great tendency of bromine to exert a 
neighboring group effect22# The equivalence of the two C-X 
bonds in (III) is also supported by the investigations of 
Kwart and Weisfeld23 in which the acid-catalyzed isomeriza­
tion of 5?-alpha-6-beta°dibrqmocholestane (VI) was interpreted
v  # 
K 'at
(« ) (ft)
V VI VII VIII
(21) Dewar, Ann, Repts. on the Progr, of Chem, (Chem, 
Soc, London), ^8, 118 (19^1) <>
(22) Winstein and Grunwald, J„ Am, Chem. Soc.. 70.
828 (1914-8).    ^
(23) Kwart and Weisfeld, J, Am. Chem. Soc., 78, 63£(19£6).
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as going through a bromonium-bromide ion pair^ intermediate 
(VII)o However, the above isomerization process shows charac 
teristics different from those observed in the normal addi­
tion of halogens to olefins; etg„,
(1)o There is no common ion effect or any 
significant effect of neutral salt or added 
nucleophilic reagents
(2)0 The amount of solvolytic side reaction 
attending the mutarotation is negligible,
(3)o The rate in hexane (medium of low polarity 
and low ion solvating power) is very fast 
compared to the rate in much higher dielectric 
solventSo
(Ij.) The position of equilibrium indicates 
that the intermediate bromonium-bromide ion 
pair (VII) is transformed more rapidly into 
(VIII) than into (VI).'
The above characteristics suggest that (VII) . may not be 
the intermediate in the original bromine addition.
Brown, Brewster and Shechter^ have emphasized the 
importance of ring strain in cyclic systems, A change in 
the coordination number of a ring carbon atom from Ij. to 3
(2i|) Winstein and Grob, Helv, Ghim, Acta,, 35# 782 
(1952)o “  ~
(25) Brown, Brewster and Shechter, J. Am', Chem. Soc, 
76, U-67 (195^)o
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( i . , from sp3 to sp^ hybridization) increases the number 
and degree of unfavorable conformations^0 when the atom 
is part of a 6-membered ripg system,. Such a change has 
the opposite effect when it is part of a 5-membered ring 
system,. Hence, reactions involving this change are steric­
ally hindered in cyclohexane derivatives and are sterically 
facilitated in cyclopentane derivatives270 S i m i l a r l y ^ *  2 6  ^  
an exo-double bond in a ^-membered ring results in a less 
strained conformation than one in a 6-membered ring system. 
These considerations, plus the assumption (justified on the 
basis of thermochemical data) that the difference in stabi­
lity between exo-double bonds in the 5“ and 6-membered 
rings is larger than the difference in stability between 
endo-double bonds in these systems, led Brown, Brewster and 
Shechter^ to the generalization that "reactions will 
proceed in such a manner as to favor the formation or 
retention of an exo-double bond in the ^-membered ring and 
to avoid the formation or retention of the exo-double bond 
in the 6-ring systems
The above generalization accounts^ for the equilibria 
involving exo- and endo-double bond isomers, the direction
(26) Kilpatrick, Pitzer and Spitzer, J„ Am, Chem, 
Soc,, 69, 2IJ.83 (19ll-7) o
(27) Brown and Borkowski, J„ Am, Chem, Soc., 7k-t 
l89il (1952)| Brown, Fletcher and Johannesen, JD Am. Chem. 
Soc,, 73® 212 (1951)> Skinner and Florentine. J. Am, tiKem, 
Soc., J E 9 3200 (1954).
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of olefin formation in monocyclic terpenes and related 
compounds, the relative ease of ring-opening reactions 
of cyclic esters, lactones and related substances and the 
preference for pyranose and furanose structures in the 
sugars and sugar acids respectively„ It has been applied
p Qsuccessfully to the rearrangement of some terpene 
alcohols containing cyclopentane and cyclohexane rings.
It can account for the isomerization^^ of Vitamin to 
isotachysterin and also for the rates of acetolysis of the 
cycloalkyl toluene- and £-bromobenzenesulfonates^c 
However, the rearrangement of some substituted allyl 
alcohols to their isomeric ketones31 and the base-catalyzed 
rearrangement of 1-cyclohexenylmethyl diphenylacetate32 
yielded products which are not in accord with the above 
predictions,, Hence, more experimental study is desirable 
to test the general utility and applicability of the 
proposed generalization,,
The present investigation is an attempt to test and
(28) Wheeler, Chem„ and Ind„ „ 900 (195̂ 4-) •
(29) Inhoffen, Bruckner and Grundell, Ber„, 87,
1 (19^ ) o  ---
(30) Brown and Ham, J„ Ame 0hemo Soc0, 78, 2735
(1956).
(31) Dreiding and Hartman,, J„ Am. Chem. Soc., 78, 
1216 (1956)o
(32) Lee, Pi33o Abstr., XV, 39 (1955).
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if possible to extend the generalization to addition reactions 
of exo-cyclic olefins, With the proper choice of ring system, 
either (IX) or (X) may be predicted to be the type of inter­
mediate favored by relief of ring strain in that system.
The following addition reactions to methylenecyclobutane, 
methylenecyclopentane, methylenecyclohexane and methylene­
cycloheptane were selected for study:
1. The ionic and radical additions of hydrogen 
bromide.
2. The addition of hypochlorous acid..
3. The addition of hypobromous acid,
ij.* The addition of chlorine in the presence 
and in the absence of extraneous anions,
A related problem (Part £) involving the reaction of 
hydrobromic acid with the corresponding methylenecycloaikane 
oxides (except methylenecyclobutane oxide) was also inves­
tigated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
II. EXPERIMENTAL
A. THE PREPARATION OF METHYLENECYCLOALKANES.
1. The Preparation of Methylenecyclobutane„
a. Pentaerythrityl tetrabromide^ ^
Pentaerythritol (107 g°> 0.79 mole) was placed in a 
500-ml., one-neck round bottom flask provided with a 
condenser bearing at its upper end a dropping funnel and 
a gss-outlet tube connected to a trap for absorbing the 
large quantity of gas (HBr) which was evolved. The flask 
was heated by an oil bath which was kept at 90-100°. 
Freshly-distilled phosphorus tribromide (l|32 g., 1.60 moles) 
was added very cautiously from the dropping funnel. After 
the addition was complete, the temperature of the oil 
bath was raised very gradually-^ to 170-180° where it 
was kept for 2l| hours. Cold water (100 ml.) was added 
from the dropping funnel to destroy any unreacted phosphorus 
tribromide. The orange-red precipitate was filtered with
(33) Adapted from Schurink, in "Organic Syntheses," 
edited by Blatt, John Wiley and Sons, NSw York, N.Y., Coll. 
vol. II, pp.J4.76-Lj.77.
(31+) The PBro was prepared by adding Br2 to a 
stirred suspension of red phosphorus in CClh. The yield 
is 90$.
(35) The gradual rise in temperature avoids the 
formation of phosphorus hydrides which spontaneously 
ignites and destroys the preparation.
Ill
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suction,, It was washed several times with hot water and 
then with two l50-ml. portions of cold ethyl alcohol to 
remove any bromohydrin. The precipitate was extracted 
exhaustively with ethyl alcohol in a Soxhlet extractor.
The pentaerythrityl tetrabromide, which precipitated from 
the chilled extract, was filtered with suction and 
recrystallized from ethyl alcohol* A 72$ yield (220 g.) 
was obtpined; m*p. l62-l63°o (Reported-^: m.p* I630),
b. Methylenecyclobutane^k.
A solution of 11*6 g. of zinc bromide and 35 ml. of 
ethanol in 800-ml. of water was placed in a 3-liter, 3- 
neck flask equipped in the middle neck with a Hershberg 
stirrer and a thermometer which extended into the solution. 
Another neck was fitted with a Claisen head which was con­
nected to a West and a Friedrichs condenser in series. The 
receiver at the end of the latter condenser was immersed 
in a Dry Ice-acetone bath. Stirring was begun and 552 g. 
(8.1+5 g. atoms) of zinc dust was added. The contents of 
the flask were heated to 90° and 785 g» (2. 1L+ moles) of 
pentaerythrityl tetrabromide was added by means of a 
rubber tube37 through the third neck in portions as 
rapidly as was permitted by the foaming of the mixture.
(36) Adapted from Roberts and Sauer, J. Am. Chem. 
Soc., 71, 3925 (191+9).
(37) Fieser, "Experiments in Organic Chemistry."
D.C. Heath and Co., New York, N.Y., 191+1 > p.3H»
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The temperature was maintained at 90° during the addition 
and afterwards for half an hour. The hydrocarbon which 
steam distilled during this time was washed with cold 
water and dried with anhydrous magnesium sulfate. Fract­
ionation through a Vigreaux air-condenser gave 75»5 g*
(52$) of methylenecyclobutane; b.p. Ipl—JU-2°, d2*3̂  0.7^09,
L O ft
n20D 1o1|.20!j.. (Reported: b ep. l+2°3 ’ , l|.0o39, d2®^ 0.7^01,
d1^  0.7^2539; n20D 1.Iv208738, n1^  l.lf.23539. )
2. The Preparation of Methylenecyclopentane.
a. Cyclopentanone^9.
Adipic acid (975 g.> 6.56 moles) and 77*1 g* (0.67 
mole) of mangancus carbonate were placed in a 2-liter 
flask fitted with a thermometer which reached nearly to 
the bottom and with an 8-inch Vigreaux distilling column.
The flask was heated slowly and after the mixture had 
entirely melted, the heat was increased until the therm­
ometer registered 280°, at which temperature decomposition 
took place. The temperature was maintained at 280-290° 
until a dense fog was evolved which signified the end of
(38) Slabey, J. Am. Chem. Soc., 68, 1335 (19̂ 4-6).
(39) Grignard and Baud, "Traite de Ohimie Organlque. 
Masson et Cie, Paris, 19^8, vol.Ill, p.522.
(ipO) Adapted from Lucas and Pressman, "Principles 
and Practice of Organic Chemistry," John Wiley and Sons,
New York, N.Y., 1949, p.281p.
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the reaction^-1. Sufficient potassium carbonate was added 
to the two-phase distillate to saturate the aqueous phase. 
The cyclopentanone layer was washed with saturated potassium 
carbonate solution and dried with anhydrous potassium 
carbonate. On distillation, 362.3 S* (65$) of cyclopentanone 
was obtained; b.p. 129-130°, d20^ 0.9i|l+5, n20D 1.1+365. 
(Reported: b.p. 129°(756 ram. )^, 129°^; d^O^ 0.91+50^, 
0 .9502 -̂3; n20c i„l+3680̂ -2, 1.1+370^. )
b. 1-Me thylcyclopentanol^-.
Cyclopentanone (252 g., 3.0 moles), methyl iodide^ 
(1+26 g., 3.0 moles) and magnesium turnings (72 g., 3*0 g. 
atoms) gave 1-methylcyclopentanol (-171+ g., 58$), b.p. 
135-136°, d20[j_ 0.9109, n2°D i„l+J|J+̂ . (Reported^: b.p. 
135-136°, d23»5^ 0.901+1+, n23.5D 1.1+1+29.)
c . 1-Methylcyclopentyl acetate^-.
1-Methylcyclopentanol (172 g., 1.72 moles), pyridine
(ll+O g., slightly more than 1.72 moles) and acetyl chloride
(1+1) The residue in the flask is hard to remove.
Let the flask stand overnight with some alcoholic K0H.
(1+2) Vogel, J. Chem. Soc.t 1323 (1938).
(1+3) Noller and Adams, J. Am. Chem. t3oc., 1+8,
1080 (1926).
(1+1+) For details, see procedure for the preparation 
of the cyclohexyl analog.
(1+5) CH^Br gave a hi.gher yield, 71 and 86$ yields 
of 1-methylcyclopentanol and 1-methylcyclohexanol respectively.
(1+6) Zelinsky and Moser, Ber., 35, 2685 (1902).
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(11+5 g., slightly more than 1.72 moles) were used in the 
preparation of 1-methyleyelopentyl acetate. Some alcohol 
(13 g., Q%) was recovered and 170 g. (75%, based on unrec­
overed alcohol) of the ester was collected; b.p. 155-156°, 
d20^ 0.91+62, n20D 1 .1+320.
d. Methylenecyclopentane^+.
1-Methylcyclopentyl acetate (125 g., O.78 mole) was 
pyrolysed at 1+50°. Some ester (32.1 g., 25$) was recovered 
and some methylenecyclopentane (37 g*, 69$) was collected; 
b.p. 75-76°, d20^ 0.7777, n20D 1.1+310. (Reported: b.p. 75- 
76°^2, 75.7oJ+75 d20^ 0.7787^, 0.7806^ ;  n20D l.l+3078^2, 
1.1+355^.)
3. The Preparation of Methylenecyclohexane.
a. 1-Methylcyclohexanol.
Magnesium turnings (67.5 g., 2.78 g. atoms) were 
placed in a 3-Hber, 3-neck flask fitted with a dropping 
funnel, a Hershberg stirrer and a Friedrichs condenser. A 
nitrogen inlet-tube leading to a mercury valve was attached 
to the dropping funnel and a drying tube filled with Drierite 
and soda lime was connected to the outlet of the condenser. 
Anhydrous ether (200 ml.) was added to cover the magnesium.
A few ml. of the methyl iodide^ solution (395 g., 2.78 
moles, in 1+00 ml. of anhydrous ether) was added to start
(1+7) Van der Bij and Kooyman, Rec. trav. chim., 
71, 837 (1952).
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the reaction. After the reaction had subsided, the remainder 
of the methyl iodide solution was added fast enough to 
maintain gentle refluxing. After all the methyl iodide had 
been added, the mixture was refluxed for an hour then cooled 
to room temperature.
Freshly-distilled cyclohexanone^"® (272 "g., 2.78 moles) 
in anhydrous ether (I|.00 ml.) was added dropwise to the 
Grignard reagent. After approximately half of the cyclo- 
hexanone solution had been added, a precipitate started 
forming which made the mixture hard to stir^. The stirring 
was continued by hand until all the cyclohexanone solution 
had been added. Cracked ice (600 g.) was added all at once 
to the solidified mass to avoid local superheating and thus 
prevent the mixture from foaming out of the flask. The 
mixture was rapidly agitated until the decomposition of the 
Grignard complex was complete. The ether layer was decanted 
and the precipitate was extracted twice with ether. The 
combined organic material was steam distilled^. The ether 
layer separated and the aqueous layer was salted out with 
sodium chloride. The combined organic portion was dried
(I4.8) A lower yield was always obtained if the ketone 
was not freshly distilled.
(Ip9) The heavy precipitate, which was not formed when 
CE^MgBr is used, causes inadequate mixing and was probably 
responsible in part for the lower yield when CH^I is used.
(5>0) Steam distillation at this point minimizes 
dehydration to 1-methylcycloalkene during purification 
of the alcohol.
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with anhydrous potassium carbonate and distilled. A 75$ 
yield (236 g.) of 1-methylcyclohexanol was obtained; b.p. 
1^5-156°, d20^ 0.9290, n20D 1.4610. (Reported: b.p. 70°




1-Methylcyclohexanol (37 g., 0.32 mole) and finely- 
powdered magnesium (7-8 g o ,  0.32 g. atom) were placed in a 
250-ml., 3 -neck flask fitted with a stirrer, a condenser 
and a dropping funnel. A few ml. of acetic anhydride was 
added and the flask was heated on a steam bath to start the 
reaction. After the reaction had starred, the steam bath 
was removed and acetic anhydride (35 g. total, slightly 
more than 0.32 mole) was added slowly. Ice (75 g.) was 
added and the mixture was extracted with petroleum ether. 
The petroleum ether extract was washed successively with 
water, with dilute sodium carbonate solution and- finally 
with water. The extract was dried with anhydrous potassium 
carbonate and distilled. Some alcohol (l8l6 g;, 50$) was 
recovered and 13.5 g. based on unrecovered alcohol)
(51) Mosher, J. Am. Chem. Soc., 62, 552 (19^0).
(52) Signalgo and Cramer, J. Am. Chem. Soc., 
5£, 3329 (1933).
(53) Adapted from Bailey, Hewitt and King, J. Am. 
Chem. Soc.. J l ,  357 (1955).
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of ester was collected; b.p. 178-179°, d20^ 0.9572, n20D 
1.4-380.
Procedure B.
1-Methylcyclohexanol (4-03 g., 3*54- moles) and pyridine 
(38^ g., slightly more than 3.54- moles) were placed in a 
1-liter, 3-neck flask which was immersed in an ice-bath 
and was equipped with a stirrer, a condenser and a dropping 
funnel. Slightly more than 3*54- moles (280 g.) of acetyl 
chloride were added slowly. After all the acetyl chloride 
had been added and the reaction mixture had subsided, the 
ice-bath was removed and the mixture was heated on a water 
bath (approximately 60°) for 3 hours. Ice (200 g.) was 
added and the mixture was extracted with 200 ml. of petrol­
eum ether. The extract was washed with water, with dilute 
sodium carbonate solution and with water. It was dried 
with anhydrous potassium carbonate and distilled. Some 
alcohol (58 g., 14-%) was recovered and 381.5 g. (74$) 
of ester was collected; b.p. 178-179°, d2®^ 0.9588, n20j-)
1.4-375. (Reported^: 177-178°, d2^  0.954-5, n25D 1.4-355.)
c. Methyleneeyelohexane53.
The exo-olefin was prepared by pyrolysis of the 
tertiary acetate.
The apparatus for pyrolysis consisted of a Pyrex 
glass tube, 9 mm. in diameter and 4-5 cm, in length, 25 cm. 
of which was packed with l/8-inch Pyrex helices. The tube 
was inserted in a Sargent Carius Combustion Apparatus,
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arranged vertically, which was kept at lp5>0°, and was 
continually swept out with dry nitrogen gas. The lower 
end of the pyrolysis tube was connected to a condenser 
which led to a distilling flask receiver immersed in a 
chloroform-Dry Ice bath.
1-Methylcyclohexyl acetate (109.7 g., 0.70 mole) 
was pyrolysed at the rate of 3 ml. per minute (one drop 
per second). The slow stream of nitrogen maintained a 
non-oxidizing condition within the tube and also forced 
the pyrolysate vapor into the receiver. Care was taken so 
that minimum carbonization occured in the tube. This was 
done by adjusting the rate and the temperature of the 
pyrolysis. The optimum condition was obtained when only 
60-70$ of the acetic acid was cracked out-^.
The pyrolysate was extracted with petroleum ether 
(b.p. 30-38°) and the extract was washed with water, with 
dilute sodium carbonate solution and with water. It was 
dried with anhydrous potassium carbonate and fractionated 
through a Vigreaux air-condenser. Some ester (35> g., 33$) 
was recovered and 38 g. (81p$, based on unrecovered ester) 
of methylenecyclohexane was collected; b.p. 108-109°, 
d20^ 0.8038, h20D l.L|£08. (Reported: b.p. 102-103° (761). mm.
{ $k) Wallach, Arm., 3^1, 316 (1906).
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1 0 3 . 101-102°(738 105-106°^, 103-5°^;
d20^ 0.807^2, 0.8016^7, 8001^3, o.802^ \  0.8033^; 
n20D 1 .lj.5227̂ 2 , 1.L|1|.97̂ 7, l . k k Q ^ 3 , l.lj-501^, l.lj.502^.)
Identity of Mfethylenecyclohexane Sample.
Due to the great diversity in the physical constants 
reported in the Literature for methylenecyclohexane, it 
is desirable to authenticate the identity of the pyrolysis 
product. Since 1-methylcyclohexene is the most probable 
side-reaction product, it was synthesized in an independent 
way38# The physical constants and infrared spectra of the 
two olefins were determined and are compared in Tables I 
and II.
TABLE I
Physical Constants of Olefins.
B.p. o20.d k n20D
Methylenecyclohexane 108-109° 0.8038 1. ij.508
1-Methylcyclohexenea 110-111° 0.8097 1.1^502
aReported: b.p. 110° (769 mm.)^2, _5k106-107° , 109.5°^7 j
d20[̂ 0.8l27^2, 0.799^-, 0.8117^7. n20D
I.i4-̂ 067i+2, 1.11432̂ , 1.^05^7.
(55) Best values reported by Egloff, "Physical 
Constants of Hydrocarbons." Reinhold Publishing Corp., 
New York, N.Y., 19̂ -0, vol.II, p.106.
(56) Synthesized by dehydration of 1-methyl­
cyclohexanol with hot concentrated phosphoric acid in 
85$ yield.
(57) Reference 55» p.326.
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TABLE II
_________________ Comparison of Spectrum of Olefins.
Methylene- 1-Methyl- Methylene- 1-Methyl-
cyclohexane. cyclohexene. cyclohexane. cyclohexene.
2.33 V- (w) —  2.39 ju (w) 9.18 p. (m) —  9.21 p (s)
5.76 (w) —  5*80 (m) 9.78 (w) —  9.79 (m)
6.02 (m) —  5.97 (w) 10.15 (w) —  absent
7.2I4- (m) -- 7.28 (s) 10.3̂ 1- (w) —  10.35 (m)
7. Ml- (w) —  J . k 7 (w) 10.90 (m) —  10.92 (s)
7.611. (w) —  7.66 (w) 11.27 (s) —  11.20 (m)
7.87 (w) -- 7.90 (m) 11.69 (m) -- II.6I4. (m)
8.65 (w) —  8.67 (m) 12.19 (w) —  12.21 (m)
8.75 (m) —  8.78 ( s) 13.16 (m) —  13.17 (s)
The methylenecyclohexane was converted to the glycol (52$ 
yield) with peroxyformic acid^j m.p. 76-77°(Reported^: 
76-77°). The 1-methylcyclohexene glycol is reported^® to 
melt at 8I4-0.
To test further the authenticity of the methylene- 
cyclohexpne sample, the glycol was heated with concentrated 
hydrobromic acid solution. It gave an 8l$ yield of cyclo­
hexane carboxaldehyde ; b.p. l4-9.5°(iO mm.), d^O^ 0.9303> 
n20D I.I4J4.9O (Reported: b.p. 61-63°{ 2 k mm. ) ^ , d1  ̂0.9263,
(£8) Adkins and Roebuck, J. Am. Chem. Soc.. JO.
i+Oi+l (I9I4.8).
(59) Heilbron et al., J. Chem. Soc., 737 (19U-9) -
(60) Isaac, Ann., 3 k 7 , 328 (1906).
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1 .14.503^^); m.p. of 2,l].-dinitrophenylhydrazone, 172- 
I730 (Reported^9 : 172°).
No explanation for the difference In b.p. between the 
sample of methylenecyclohexane prepared here and those 
previously described is apparent.




Ethyl chlorocarbonate (217 g., 2.0 moles), a 25$ 
aqueous solution of methylamine (2i].8 g., 2.0 moles) and 
sodium hydroxide (80 g., 2.0 moles) gave a 92% yield (188.I4. 
g.) of ethyl N-methylcarbamate; b.p. 86.5-87.5° (38 mm.), 
d20[̂ l.Olij-5, n20j} I.I4.I95. (Reported^!; b.p. 55-58°(12 mm.)
(2) N-Nitrosome thylurethane^2#
Ethyl N-methylcarbamate (155 g., 1.5 moles), sodium 
nitrite (i+35 g 8.0 moles) and a 35$ nitric acid solution 
(800 ml., I4..5 moles) gave an 81].$ yield (166 g.) of N-nitroso­
me thy lure thane; b.p. 5l-52°(7*3 mm.), d2<\  1*335,
1 • [4.389. (Reported^2 : b.p. 59-6l°(10 mm.), d20^ 1.133.)
(61) Hartman and Brethen, in "Organic Syntheses." 
ed, by Blatt, John Wiley and Sons, New York, N.Y., 191+3- 
Coll.vol.II, p.278.
(62) Hartman and Philipps, reference 61, p.lj.61].. 
Extreme caution must be exercised through out this 
preparation since the urethane is very irritating, 
corrosive, toxic and explosive.
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(3) Cycloheptanone^.
Freshly-distilled cyclohexanone (12£ ml., 118 g; 1.21 
moles) and N-nitrosomethylurethane (l£0 g., l.llj. moles) gave 
12% (l£ g.) of recovered cyclohexanone, 8$ (9.8 g.) of methyl­
enecyclohexane oxide and (71.8 g.) of cycloheptanone; b.p.
76-81° (33 mm.), d20^ 0 . 9 ^ ,  n20D 
Procedure B.
(1) Cyclohexanone cyanohydrin^.
Cyclohexanone (210 g., 2.11+ moles) was added with 
shaking to a saturated solution of sodium bisulfite, prepared 
by dissolving JLpOO g. (2.1+0 moles) of sodium metabisulfite in 
600 ml. of water, decanting the solution and adding 200 ml. 
of ethanol. The bisulfite addition product was filtered with 
suction and was washed with ethanol and with ether.
The bisulfite addition product was placed in a
2-liter, 3-neck flask fitted with a stirrer and condenser 
and cooled with an ice-bath. A solution of 1^9 g. (2.[j-£ 
moles) of potassium cyanide in 300 ml. of water was added. 
After half an hour, the ice-bath was removed and the stirring 
was continued for 2 hours. The cyanohydrin was separated
(63) Kohler, Tishler and Thompson, J. Am. Chem. 
Soc., 61, 10^7 (1939).
(61).) The procedure for the preparation of the 
bisulfite was adapted from Vogel, ’’Practical Organic Chem­
istry , " Longmans, Green and Co., New York, N.Y., 1948, p. 
34-6. The preparation of the cyanohydrin was adapted from 
Cook and Linstead, J. Chem. Soc., 9^6 (193̂ 4-).
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and the aqueous layer was extracted with ether. The extract 
was washed with water, dried with anhydrous magnesium 
sulfate and distilled. A 70$ yield (180 g.) of the cyano­
hydrin was obtained; b.p. 105-106°(6 mm.), d^9^ 1.0135> 
n20D I.I4.6I4.5. (Reported^: b.p. 91-95° (2 mm.), n20D l,!|.61j.3.)
(2) Cycloheptanone^.
Lithium aluminum hydride (76 g., 2.0 moles) was placed 
in a 3-liter, 3-neck flask equipped with a stirrer, a dropping 
funnel and a Friedrichs condenser fitted with a drying tube. 
Anhydrous ether (1.2 1.) was added from the dropping funnel 
and the mixture was refluxed for several hours (approximately 
5 hours) until the suspended solid no longer diminished in 
quantity.
The slurry was cooled and a solution of 125 g.(1.0 
mole) of cyclohexanone cyanohydrin in 200 ml. of anhydrous 
ether was added slowly. The mixture was refluxed for 5 hours 
and the stirring was continued for 2l\. hours at room tempera­
ture. With an ice-bath surrounding the flask, the addition 
complex was decomposed by adding successively, dropwise,
50 ml. of water, IpO ml. of 20$ sodium hydroxide and 150 ml. 
of water. The precipitated alumina was extracted with 200 
ml. of benzene in a Soxhlet extractor.
(65) Frank and Shotwell, J. Am. Chem. Soc., 71» 
3889 (19^9).
(66) Adapted from (a) Nace and Smith, J. Am. Chem. 
Soc,, 7it, 1861 (1952) and (b) Dauben et al., in 1 Organic 
Syntheses," ed. by Johnson, John Wiley and Sons, New York, 
N.Y., 1954, vol.3k> P.19.
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The 1-aminomethylcyclohexanol was extracted from the 
combined organic portions with a cold solution of acetic 
acid (180 ml. of glacial acetic acid diluted with 1-liter 
of water). The aqueous extract was placed in a 3-liter,
3-neck flask equipped with a stirrer and a dropping funnel.
A cold solution of 116 g. (1.68 moles) of sodium nitrite in 
300 ml. of water was added dropwise to the solution whose 
temperature was maintained near -£°. The mixture was stirred 
an hour longer and then allowed to come to room temperature 
overnight as the ice in the cooling bath melted. Small 
portions of solid sodium bicarbonate were added to the react­
ion mixture to neutralize the acetic acid. The neutral sol­
ution was steam distilled. ■ The oily layer in the distillate 
was separated and the aqueous layer was salted out. The 
combined organic material was dried with anhydrous magnesium 
sulfate and distilled. A k$% yield (£l g.) of cycloheptanone 
was collected; b.p. 8^-86°(37 mm.), 179-180°, d20^ 0.9^00, 
n ^ £  l.Ij.610. (Reported: b.p. 180°(760 iran.)^, 66-70°(l6 mm, )^;
d20^ 0a9k.91̂ 2t 0.9^4-90^7; n20D l.k$97^2, 1 .i+6086 7 . )
b.. 1-Me thyl cyclohep tanol^-'.
Cycloheptanone (I4.2 g., 0.37 mole) methyl iodide 
(£7 g., O.I4.O mole) and magnesium turnings (9.6 g., 0 .14-0 
g. atom) were used in the synthesis of 1-methylcycloheptanol.
(67) Blicke, Doorenbos- and Cox, J. Am. Chem. Soc..
7Lj., 292k (19^2).
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A 63$ yield (30 g.) of the alcohol was collected; b.p. 93- 
9̂4-° (̂4-0 ram.), d20^ 0.9332, n20D I.I4.690. (Reported^: b.p. 
183-185°, d22^ 0.9285, n22D 1.^677-)
c. 1-Methylcycloheptyl acetate^-.
1-Methylcycloheptanol (53 g., O.I4I mole), pyridine (37
g., slightly more than O.J4I mole) and acetyl chloride (36 g., 
slightly more than O.I4I mole) were used in the preparation of 
the ester. Some alcohol (12 g., 23$) was recovered and 32 g. 
(58$, based on unrecovered alcohol) of ester was collected; 
b.p. 110-lll°(l40 mm.), d20^ 1.0332, n20D 1.^528.
d. Methylenecycloheptane^.
1-Methylcycloheptyl acetate (29.0 g., 0.17 mole) was
pyrolysed at I4500 . Some of the ester (8.7 g., 30$) was
recovered and 9.3 g» (72$, based on unrecovered ester) of
PC)methylenecycloheptane was obtained; b.p. 138-139°, d [j_
0.8231, n20D l.ii.609. (Reported: b.p. 138-139°^, 138-1^0°69;
d20^ 0 .82^1^ ,  0.82ii-69; n20D l . ^ l l ^ * 69.)
B. THE ADDITION OF HYDROGEN BROMIDE TO METHYLENECYCLO- ALKANES70.
(68) Wallach, Ann.. 3U-5. 139 (1906).
(69) Reference 39, p.599.
(70) Except for the cyclobutane derivatives, the 
identity of the products were established by comparison 
of the physical constants and infrared spectra of the 
addition product and of the authentic sample prepared by 
independent methods. In each case the infrared spectrum 
of the synthesized product and the corresponding addition 
product were identical. The infrared spectra were taken 
with a Perkin Elmer Model 21 double-beam recording infrared 
spe c tropho tome ter.
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Ionic Addition.
A solution of approximately 0.1 mole of raethylene- 
cycloalkane in £0 ml. of glacial acetic acid was placed in 
a 200-ml., 3-neck flask which was cooled with an ice-bath. 
The flask was equipped with a gas-inlet tube, a stirrer and 
a gas-outlet tube connected to a CClj^-valve. Slightly more 
than 0.1 mole of anhydrous hydrogen bromide?! was passed 
into the solution. The temperature of the mixture was 
kept at 5-10° for 8 hours. The reaction mixture was poured 
into 100 ml. of water. The product was taken up in petrol­
eum ether (b.p. 30-38°), was washed with dilute sodium 
bicarbonate solution and with water. It was dried with 
anhydrous sodium sulfate. The dried extract was fractio­
nated and the portion which distilled at a narrow and cons­
tant range was collected.
Free Radical Addition.
The radical addition was promoted by ultraviolet 
irradiation. A 2^0-watt General Electric type H Mercury 
vapor lamp was used as the source of ultraviolet light.
A solution of approximately 0.1 mole of methylene- 
cycloalkane in $0 ml. of purified petroleum ether (b.p. 
35>-l|.0o) was placed in a quartz reaction flask equipped with
(71) Anhydrous HBr was prepared by dropping Bro 
into hot tetralin and was freed from Br2 by bubbling it 
through a solution of phenol in CCIl or a suspension of red 
phosphorus in CC1|| and into a column, of copper turnings. The 
gas was dried by passing it through a column of Drierite.
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a gas-inlet tube and a thermometer. Anhydrous HBr was passed 
for 2 hours into the solution which was maintained at -20 to 
-25° by means of a Dry Ice-CCl^ bath. The reaction mixture 
was poured into 100 ml. of water and was washed successively 
with dilute ferrous sulfate solution, with dilute sodium 
bicarbonate solution and finally with water. The organic 




The reaction product from 6.0 g.(0.09 mole) of methyl­
enecyclobutane gave 8.0 g.(61.0$) of the suspected 1-bromo-l- 
methylcyclobutane; b.p. 111-112°, d20^ 1.3187, n20D l.lf.695- 
(Reported?2a :b.p. 55-57°(100 mm.), d20^ 1.3179, n20D 1.^698.) 
Side reaction products were also isolated: I, an unidentified
fraction containing bromine with b.p. 76-77°, d2^  1-5630, 
n20D 1.4582; Anal.72b G, 8.76, 8.90$; H, 0.60, 0.1|2$; and II, 
l,2-dibromo-2-methylbutane, b.p. 83-8I4.0 (I4.O mm.), d20^ 1.6701, 
n2(̂ D 1.5090. (Reported7-̂: b.p. Ip7 —lp8° (9 mm.), d20^ I.67H ,  
n20D 1.5088.)
Treatment of 10.0 g.(0.l5 mole) of methylenecyclobutane 
with an excess of hydrogen bromide yielded 8.I4. g. of the
(72) (a) Shand, Schomaker and Fischer, J. Am. Chem. 
Soc., 66, 636 (19^)* (b) Analyses performed at Geller 
Laboratories, Hackensack, N.J.
(73) Sherill and Walter, J. Am. Chem. Soc., 98,
7)+2 (1936). ----------------
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unidentified fraction (b.p. 76-77°, n20D 1.1̂ 87), 7.8 g.
(35.8$) of 1-bromo-l-methylcyclobutane (b.p. 110-111°, n20£) 
I.I4.69O) and 9.5 g.(28.1$) of l,2-dibromo-2-methylbutane (b.p. 
82-83°(37 ram.), n20D 1.5085).
Isomerization of 6.2 g.tO.Olj. mole) of l-bromo-l-methyl­
cyclobutane under the same conditions as the addition reaction 
yielded 1.5 g. of the unidentified fraction (b.p. 76-77°, n29D 
l.ij-583), 0.5 g.(8$) of the starting material and 3*5 g.(37$) 
of 1,2-dibromo-2-methylbutane (b.p. 80-81°(3^- mm.), n2^D 1 *5080). 
b. Free Radical Addition.
The radical addition of hydrogen bromide to 6.0 g.
(0.09 mole) of methylenecyclobutane gave 7.8 g.(59.3$) of the 
suspected bromomethylcyclobutane; b.p. 122-123°, d^j^ 1.3259, 
d20^ 1.3183, n20D l.l*-726, n2^D 1.14.707* (Reported: b.p. 121- 
123°(710 ram.)7^, 81-83°(125 mm.)7^, 137-139°?6; d1^  1.3607 ,̂ 
d1919 I.I4.OO76; n2^D l.l^Oli7^, n19D l.ij.87876.)
Infrared analysis of various fractions of the reaction 
mixture suggests the absence of any side-reaction product.
2 . Methylenecyclopentane.
a. Ionic Addition.
The ionic addition of hydrogen bromide to 6.5 g.
(7I4-) Krug, Smith and Fry, J. Am. Ohem. Soc.. 76, 
3222 (19514-).
(75) Von Braun, Fuszganger and Kuhn, Ann., I4J4.5, 
215 (1925).
(76) Derajanow, Ber., IjX), 1+959 (1907).
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(0.08 mole) of methylenecyclopentane gave 6.8 g.(52.6$) of 
the suspected l-bromo-l-methylcyclopentane; b.p. 56-57°(37 
mm.), d ^ ^  1.2993, n20D 1.Lp8l7• (Authentic 1-bromo-l-methyl- 
cyclopentane: b.p. 55-56°(36 mm.), d̂ °[̂  1.29814-, n^j) 1.1-815.)
b. Free Radical Addition.
The radical addition of hydrogen bromide to £.0 g.
(0.06 mole) of methylenecyclopentane gave 6.0 g.(60.I|$) 
of the suspected bromomethylcyclopentnne; b.p. 71-72°(37 mm.), 
d20̂ _ 1.2722, n^Op 1.Z4.832. (Authentic bromomethylcyclopentane :
b.p. 72-73°(38 mm.), d20 _̂ 1.2713, n20D I.I.83I.)
3. Methylenecyclohexane.
a. Ionic Addition.
Ionic addition of hydrogen bromide to lip*0 g,(0.1i| 
mole) of methylenecyclohexane yielded 16.7 g.(6ij..7$) of 
the suspected 1-bromo-l-methylcyclohexane; b.p. 77-78°
(38 mm.), d2®^ 1.21-95, n2®^ 1.lf.866. (Authentic 1-bromo-l- 
methylcyclohexane: b.p. 77-78°(38 ram.), d20^ 1.2506, n20^
1 *lp866 „)
b . Free Radical Addition.
Radical addition of hydrogen bromide to 5.0 g.(0.05 
mole) of methylenecyclohexane yielded 6.5 g.(67.3$) of the 
suspected bromomethylcyclohexane; b.p. 92-93° (37 mm.)j 
d20^ 1.2832, d2^  1.2760; n20D l.lp928, n2^D 1.1-905. (Authen­
tic bromomethylcyclohexane: b.p. 93-9ip°(38 ram.), d2^
1.2760, n25D I.I.906.)
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1+. Methylenecycloheptane.
a. Ionic Addition.
Ionic addition of hydrogen bromide to 2.0 g.(0.02 
mole) of methylenecycloheptane gave 2.2 g.(63.1+$) of the 
suspected 1-bromo-l-methycycloheptane; b.p. 101-102°
(38 mm.), d20[̂ 1.23^3» 1+962. (Authentic 1-bromo-l-
methylcycloheptane: b.p. 102-103°(39 mm.), d20ĵ 1.23&3, 
n20D 1.^966.)
b. Free Radical Addition.
Radical addition of* hydrogen bromide to 2.0 g.(0.02
mole) of methylenecycloheptane gave 2.1 g.(60.5$) of the
suspected bromomethylcycloheptane; b.p. 107-108°(38 inm.),
d2^  1.253, 1» 1+989. (Authentic bromomethylcycloheptane
b.p. 106-107°(38 mm.), d20^ 1.251+, n20D I.I+987.)
THE SYNTHESES OF THE ADDITION PRODUCTS FROM HYDROGEN 
BROMIDE AND METHYLENECYCLOALKANES.
a. 1-Bromo-l-methylcyclopentane^-.
1-Methylcyclopentanol (50 g., 0.50 mole) (see p. 17) and
I4.8# hydrobromic acid (220 g., 1.30 moles) gave 36 g. (k7%)  
of 1-bromo-1-methylcyclopentane; b.p. 55-56°(36 mm.), 
d2®[̂  1.298L+, n2(̂x) 1.1+815. (Reported??: b.p. 7l+-76° (82 mm.) 
dl3^ 1.3001+, nl3D 1.^823-)
b. Bromomethylcyclopentane.
(77) Tatevosyan and Melikyan, Bull* Armenian Branch
Acad. Sci. U.S.S.R.. Mo.5/6, 23 (19i|i|.)V"'0. AT, £0, 31+68----(151+6).
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(1) Chlorocyclopentane?®.
Cyclopentanol (138 g«, 1.60 moles) and a solution of 
anhydrous zinc chloride (1+70 go, 3*̂ -8 moles) in concentrated 
hydrochloric acid (328 g., 3o9l+ moles) gave a 68$ yield 
(112 g.) of chlorocyclopentane; b.p, lll+-ll5°, d20^ 1.001+5,
n20D 1.1+515. (Reported79; b.p. lll+.5-ll5°(777 mm.), d20^ 
1.0053, n20D 1.1+51270)
(2) Cyclopentylcarbinol^.
Chlorocyclopentane (101+ g., 1.0 molo), magnesium
turnings (2l+ g., 1.0 g. atom) and paraformaldehyde (30 g.,
0.33 mole) gave 65 g.(65$) of cyclopentylcarbinol; b.p. 
162-163°, d20^ 0.9305, n20D 1.1+576. (Reported80: b.p. 162- 
162.5°, d20^ 0.9313, n20D 1.1+579.)
(3) Bromomethylcyclopentane^-.
Cyclopentylcarbinol (25 go, 0.1+0 mole) and phosphorus
tribromide (38 g., slightly more than 0.11+ mole) gave a 1+7$ 
yield (20 g.) of bromomethylcyclopentane; b.p. 73—7^+°(38 mm.), 
d20ji. 1.2713, n20D l.l+Q31. (Reported??; b .p. 56-57°(l7 mm.)),
c. 1-Bromo-l-methylcyclohexane.
1-Methylcyclohexanol (25 g., 0.22 mole) (see p.l8) was 
placed in a 250-ml., 3-neck flask equipped with a stirrer, 
and a dropping funnel. The alcohol was cooled and 1+8$
(78) Rogers and Roberts, J. Am. Chem. Soc.. 68,
81+3 (191+6) .
(79) Vogel, J. Chem. Soc., 1809 (191+8).
(80) Roller and Adams, J. Am. Chem. Soc.. 1+8, 1080(1926).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
hydrobromic acid (110 g., 0.65 mole) was added slowly.
The stirring was continued for an hour after all the alcohol 
had been added. The mixture was extracted with 75 ml. of 
petroleum ether. The extract was washed with dilute sodium 
bicarbontate solution and with water. It was dried with 
anhydrous calcium chloride and distilled. Collected were 
20 g.(52$) of 1-bromo-l-methylcyclohexane; b.p. 78-79°
(38 mm.), d2^  1.2506, n^Op 1.1^866. (Reported8^: b.p.
66-66.5°(22 mm.), n25D l.It46882.)
d. Bromomethylcyclohexane.
(1) Cyclohexylcarbinol8^.
Magnesium turnings (36 g., 1.5 g.atoms), anhydrous 
ether (200 ml.) and a crystal of iodine were placed in a
2-liter, 3-neck flask fitted with a dropping funnel, a 
Hershberg stirrer and a Friedrichs condenser stoppered by 
a drying tube. A few ml. of a cyclohexyl bromide solution 
(2l|.5 g«, 1.50 moles of cyclohexyl bromide in 300 ml. of 
anhydrous ether) was added. Heat was applied to start the 
reaction. When the color of the iodine had disappeared 
and the reaction had subsided, the heat was removed and 
the remainder of the cyclohexyl bromide solution was added
(81) Goering, Abell and Aycock, J. Am. Ohem. Soc.. 
7k, 3588 (1952).
(82) This may be a misprint since the values for 
n20p for -the lower and higher homologous 1-bromo-l-methyl- 
cycloalkanes are l,lf.8l5 and 1,14.966 respectively.
(83) Adapted from Gilman and Catlin, in "Organic 
Syntheses," ed. by Gilman and Blatt, second edition, John 
Wiley and Sons, New York, N.Y., 19kl,Coll.Vol.I, pp.l88-190.
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at such a rate that gentle refluxing was maintained. Tho 
mixture was refluxed for an hour after all the halide had 
been added and was then cooled to room temperature.
The dropping funnel was replaced by a wide glass tube 
(approximately 12 mm. inside diameter) which reached almost 
to, but not below, the surface of the liquid. The wide tube 
was connected to a 5>00-ml. flask which contained 1+5 g.(0.5 
mole) of paraformaldehyde and an inlet-tube for admitting 
nitrogen. The paraformaldehyde had been dried previously for 
2 days in a vacuum desiccator over phosphorus pentoxide. The 
paraformaldehyde was heated at 180-200° and the formaldehyde 
formed was carried over ~to.the Grignard reagent by the slow 
stream of nitrogep. After the reaction was complete, 1+00 g. 
of cracked ice was added all at once, followed by 500-ml, of 
30$ sulfuric acid. The mixture was steam distilled. The 2- 
phase distillate was saturated with sodium chloride and extrac­
ted with ether. The combined extract was dried with anhydrous 
potassium carbonate and distilled. A 62$ yield(107 g.) of
POcyclohexylcarbinol was obtained; b.p. 69-70°(5 mm,), d ^ 
0.9272, n20D 1.1+650. (Reported81*-: b.p. 91°(18 mm.), d20^
0.9280, n20D 1.1+61+9.)
(2) Bromomethylcyclohexane.
Cyclohexylcarbinol (38 g., 0.33 mole) was placed in 
a 125-ml., 3-neck flask equipped with a stirrer and a
(81+) Heilbron, ed., "Dictionary of Organic Compounds." 
Oxford University Press, London, 1953. Vol.l, p.6i+0.
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dropping funnel. The alcohol was cooled and redistilled 
phosphorus tribromide (33 g., slightly more than 0,11 mole) 
was added slowly so that the temperature of the mixture did 
not rise above 0°. The temperature was allowed to rise grad­
ually to room temperature after the addition was complete.
Ice was added and the product was extracted with petroleum 
ether. The extract was washed with dilute sodium carbonate 
solution and with water, dried with anhydrous calcium chloride 
and steam distilled. A 53$ yield (31.1 g.) of bromomethylcyclo­
hexane was obtained; b.p. 9l+-95°(38 mm.), d2^  1.2780, n2^
1.14-906. (Reported85: b.p. 82-83°(26 mm.), d2^  1.2763, n^ D  
1.1+906.)
e. 1-Bromo-l-methylcycloheptane^-.
1-Methylcycloheptanol (20.0 g., 0.16 mole) (see p.28)
and 1+8$ hydrobromic acid (79 g., 0.1+7 mole) gave a 52$ yield 
(15.5 g.) of 1-bromo-l-methylcycloheptane; b.p. 102-103°
(39 mm.), d20^ 1.2363, n20D 1.1+966.
f. Bromomethylcycloheptane.
(1) Oycloheptpnol®^.
Lithium aluminum hydride (5.0 g., 0.13 mole) and 
anhydrous ether (200 ml.) were placed in a 1-liter, 3-neck 
flask and refluxed for 5 hours to make the slurry (see p.27). 
To a cold slurry was added slowly a solution of
(85) Perlman, Davidson and Bogert, J. Org. Chem., 
1, 288 (1936).
(86) Adapted from Nystrom and Brown, J. Am. Chem. 
Soc.. 69, 1197 (1914-7).
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30 g. (0.27 mole) of cycloheptanone In 50 ml. of anhydrous 
ether. The mixture was refluxed for an hour and then cooled. 
Cold water (30 ml.) was added slowly, followed by 250 ml. of 
3 M sulfuric acid. The product was extracted with petroleum 
ether and processed in the usual manner. An 87$ yield (26.5
g.) of cycloheptanol was obtained; b.p. 185-166°, d2^  0.914-75, 
n20D I.I4.750. (Reported^-2 : b.p. l85°(76l mm.), d20^ 0.9̂ 4-78, 
n20D 1.14,7^70.)
(2) Bromocycloheptane^.
Cycloheptanol (15 g., 0.13 mole) and phosphorus tri­
bromide (13 g., O.Olj. mole) gave a 65$ yield (15 g.) of bromo- 
cycloheptane; b.p. 100-101°(38 mm.), d^"^ 1.3193, h2^d 1,5009. 
(Reported^: b.p. 101.5°(^-0mm.), h18.^ 1.299, n22D I.I4.996.)
(3) Cycloheptylcarbinol^-.
Bromocycloheptane (II4. g., 0.08 mole), magnesium 
turnings (1.9 g., 0.08 g.atom) and paraformaldehyde (3.0 g., 
0.03 mole) gave a [4.6$ yield (7.0 g.) of cycloheptylcarbinol;
b.p. Il^-ll5°(i4.0 mm.), d20^ 0.9315, n20D I.I4.678. (Reported88:
b.p. 2014.-206° (711-9 mm.), d20^ 0.9315, n20D 1.[4.685.)
(5) Bromomethylcycloheptane^+. .
Cycloheptylcarbinol (6.0 g., 0.05 mole) and phosphorus 
tribromide (6.0 g., 0.02 mole) gave a 36$ yield (3.0 g.) 
of bromomethylcycloheptane; b.p. 106-107°(38 mm.) d20^
(87) Markownikoff, Ann., 327, 59 (1903).
(88) Rosanov, Chem. Zentr., 101. (II), 229 (1930).
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1.2£I|., n ^ p  I.I4.678. (Reported^: b.p. 80-82°(l5 mm.).)
C. THE ADDITION OP HYPOCHLOROUS ACID TO METHYLENECYCLOALKANES.
Mercuric oxide (217 g., 1 mole)^® and water (500 ml.) 
were placed In a 2-liter, 3-neck flask equipped with a 
stirrer, a gas-dispersion tube and a gas outlet tube. The 
flask was cooled and when the temperature of the mixture had 
reached approximately 5°* chlorine gas was passed until the 
red precipitate of the oxide turned pale yellow. The precipi­
tate was filtered, washed with 100 ml. of water and distilled 
at reduced pressure in the dark with a water bath (about 35°).
The concentration of the hypochlorous acid distillate 
was determined by adding 1 ml. of it to an excess of acidified 
potassium iodide solution. The iodine liberated was titrated 
with standard sodium thiosulfate solution. This amount of hypo­
chlorous acid solution necessary for the addition reaction was 
calculated. This amount was diluted to 500 ml. before it was 
used®9#
In a 2-liter, 3-neck flask equipped with a stirrer and 
a thermometer were placed 200 ml. of water and approximately 
0.12 mole of methylenecycloalkane. About 1/5 of slightly
(89 ) The use of concentrated H0C1 solution may lead 
to side reaction products especially with methylenecyclo- 
butane where a high boiling compound (b.p, 59-61°(2 mm.), 
d^O^ 1.3051, n20p 1,1̂ .850) became the major product. It was 
not obtained from dilute solutions.
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more than the calculated amount of the cold hypochlorous 
acid was added,, The mixture was kept below 15° and was stirred 
vigorously until it gave no blue color with starch-iodide 
paper moistened with glacial acetic acid0 A second portion of 
hypochlorous acid was added and the process was repeated until 
the required amount of hypochlorous acid solution had been 
added,, The mixture was stirred an hour longer, washed with 
dilute potassium iodide solution and saturated with sodium 
chloride„ The lower layer was separated, washed with dilute 
sodium carbonate solution and with water and dried with anhy­
drous magnesium sulfate„ The infrared spectrum and refractive 
index were taken,, The combined washings and the aqueous layer 
were extracted with ether to recover the remainder of the 
product,, The product was fractionated and the components were 
identified by comparison of the physical constants and infra­
red spectra with authentic samples synthesized by independent 
methods„ The ratio of the chlorohydrins were determined by 
comparison of the quantitative infrared spectra of various 
mixtures of the pure compounds with the infrared spectrum of 
the reaction mixture„ The infrared band at approximately 
7o26 p  which is characteristic of a tertiary hydroxyl group 
was useful in the above determinations0 
lo Methylenecyclobutane.
The addition of hypochlorous acid to 8„0 go(0„01 mole) 
of methylenecyclobutane gave 10„% go (71<>8^) of product 
which consisted of 60% 1-chloro-l-hydroxymethylcyclobutane
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(b»p„ 69-71° (20 rum,), d20ĵ l„l53s n2°D l0lp765) and L±0f° o f  
1-chloromethylcyclobutanol (bBp„ 5>9-60°(20 mm,,), d20^ 1o135* 
n20p 1„]4.688; reported90: b„Po 6l\.o^ ° ( 2 0  mm,,), d-*-̂  1„15>02j, 
n-̂ j} l0ii-6̂ 7o)o No products other than chlorohydrins could be 
detected spectroscopically in the reaction mixture,,
The suspected 1-chloro-l-hydroxymethylcyclobutane formed 
a precipitate instantaneously with an alcoholic solution of 
silver nitrate and gave negative tests with the Lucas reagent 
and with sodium iodide in acetone„ Examination of the infrared 
spectrum shows that the band at 7o2lp p. which is present in the 
spectrum of the isomeric 1-chloromethylcyclobutanol and is 
characteristic of tertiary alcohols, is absent,,
Treatment of the suspected 1-chloro-l-hydroxymethylcyclo- 
butane with $0% aqueous potassium hydroxide yielded a hydro­
carbon (b„p„ £8-60°, n20Q 1„37£6 ) while 1-chloromethylcyclo­
butanol gave methylenecyclobutane oxide (b0p o 90-91°s n2(̂ D 
lok-255; reported90: boP„ 89-92° { 7 5 k mm.), n1^  l.l|.230„)
2o Methylenecyclopentane„
Addition of hypochlorous acid to 10„0 g„(0o12 mole) of 
methylenecyclopentane gave 10„5 gD of product which
consisted of lpl$ 1-chloro-l-hydroxymethylcyclopentane (b0p 0 
62-6I).0 (207 mm„), d20^ 1.183, n20D 1.5038) and $8fo of 1-chloro- 
methylcyclopentsnol (bop 0 57-59°(6 mm,,), d20]̂ l„li|l|, n20p) 
l0l|-83it-)o A trace of cyclopentanecarboxaldehyde could be 
detected spectroscopically in the reaction mixture,,
(90) Demjanow and Dojarenko, Ber., 55B, 2730 (1922)0
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The suspected 1-chloro-l-hydroxymethylcyclopentane reduced 
neutral permanganate solution, failed to react with a solution 
of bromine in carbon tetrachloride and formed a precipitate 
instantaneously with an alcoholic solution of silver nitrate,, It 
gave negative tests with the Lucas reagent and with sodium iodide 
in acetone„ Acid hydrolysis (see p Q 5>l) gave a 65$ yield of 
cyclopentanecarboxaldehyde* All the above characteristics support 
the assignment of structure to the fraction mentioned,,
The suspected 1-chloromethylcyclopentanol reduced neutral 
permanganate solution, liberated HBr when treated with a solution 
of bromine in carbon tetrachloride and formed a precipitate with 
a solution of sodium iodide in acetone. It slowly formed a pre­
cipitate with an alcoholic solution of silver nitrate and gave 
a positive Lucas test. Examination of the infrared spectrum shows 
a band at 7,27 which is characteristic of tertiary alcohols. 
This band is absent in the spectrum of the suspected 1-chloro- 
1-hydroxymethylcyclopentane„
3, Me thy1ene cy clohexane,
The addition of hypochlorous acid to 10,0 g„(0,10 mole) 
of methylenecyclohexane gave li}-ol go(91,5$) of product which 
consisted of 67$ 1-chloro-l-hydroxymethylcyclohexane (b,p,
53-55°(2,Ip mm,), d20^ 1,113, n^°Q 1,14-910) and 32% of 1-chloro- 
methylcyclohexanol (b,p. 5^-56° (I4. mm,), d20^ 1,128, n ^ p  
1<.5030)o A trace of cyclohexanecarboxaldehyde could be detected 
spectroscopically in the reaction mixture.
The suspected l-=chloromethylcyclohexanol gave the same 
chemical tests as the analogous cyclopentane derivative.
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The infrared spectrum has an absorption band at 7° 25 p. 
which was ascribed to a tertiary hydroxyl group.
The addition of hypochlorous acid to methylenecyclo- 
hexane has been reported*?-*- to give exclusively 1-chloro-l- 
hydroxymethylcyclohexane; b.p. 90-93°(16 mm.)„ 
kc Methylenecycloheptane.
Addition of hypochlorous acid to 9.5 g.(0.09 mole) 
of methylenecycloheptane gave 12.0 g.(85.7$) of product 
which consisted of 35$ 1-chloro-l-hydroxymethylcycloheptane 
(b.p. 71-73° (2.5 mm.), d20^ 1.127, n20D 1.5110) and 6l|$ of 
1-chloromethylcycloheptanol (b.p. 57-59°(2.3 ima«), d20^ 
1.119, n2^p l.L|.990)o A trace of cycloheptanecarboxaldehyde 
could be detected in the reaction mixture.
The suspected 1-chloro-l-hydroxymethylcycloheptane
and the suspected 1-chloromethylcycloheptanol gave the same
chemical tests as the analogous cyclopentane derivatives.
Th9 infrared band at 7»27 p. is present in the spectrum of
1-chloromethylcycloheptanol and is absent in the spectrum
of 1-chloro-l-hydroxymethylcycloheptane.




1-Chloromethylcyclobutanol*?0 (6.6 g., 0.06 mole)
(91) Tiffeneau, Weill and Tchoubar. Compt. rend., 
205. I k k  (1937)..
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and a 50$ aqueous solution of potassium hydroxide (15 g«,
0.18 mole in 15 ml0 water) gave a 17$ yield (0.8 g.) of
OC\methylenecyclobutane oxide; b.p. 90-92°, n D l.ij.207 
(Reported^0 : b.p. 89-92° (75̂ 4- mm.), l.lj.230.).
(2) l-Chloro-l-hydroxymethylcyclobutane^".
Methylenecyclobutane oxide (0.6 g., 0.07 mole) and 
concentrated hydrochloric acid (10 ml.) gave 0.2 g. (25$) 
of a chlorohydrin with b.p. 69-70°(20 ram.), d^0^ l.l̂ lj., 
n20D 1.11.760, MRexp<>29.3, MRcalc.29.9.
Examination of the infrared spectrum and the physical 
constants show that it is identical with the suspected 1-chlo- 
ro-l-hydroxymethylcyclobutane obtained from the addition 
of hypochlorous acid to methylenecyclobutane. 
b. 1-Chloro-l-hydroxymethylcyclopentane^-.
Methylenecyclopentane oxide (3«5 g»> 0.36 mole) (see p. 52) 
and 5 M hydrochloric acid (20 ml.) gave a 15$ yield (0.7 g. ) 
of a chlorohydrin with b.p. 62-63°(2.7 mm.), 1.182,
n20D 1.5036, MRexp#33»6, MRcalc#3̂ <.l.
Comparison of the physical constants and infrared spectrum 
with the suspected 1-chloro-l-hydroxymethylcyclopentane 
obtained from the addition of hypochlorous acid to methylene­
cyclopentane suggests that they are identical.
(92) Atomic refractions used in the calculation 
of all molecular refractions reported herein came from 
Glasstone 1 Textbook of Physical Chemistry." D. Van No strand 
and Co., New York, N.Y., 19̂ 4-6, p.530.
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c . 1-Chloromethylcyclopentanol^,
l-Chloro-l»chloromethylcyclopentane (2.8 g„, 0.18 mole)
(see p„ 57) was hydrolyzed with an aqueous suspension of 
calcium carbonate. A 32^ yield (0.8 g.) of a chlorohydrin 
was collected; b„pD 57-58°(6 mm,), l«l^-3, n^ D  1 •I4.8I4.I,
®exp„ 33»7, ^®calco3h■« 1 °
Examination of the infrared spectrum and physical cons­
tants suggest that it is identical with the suspected 
1-chloromethylcyclopentanol isolated from the addition of 
hypochlorous acid to methylenecyclopentane.
d. 1-Chloro-l-hydroxymethylcyclohexane.
Methylenecyclohexane oxide (7®0 g„, 0.06 mole) (see p.
26) was added dropwise to concentrated hydrochloric acid 
(20 ml.). The reaction temperature was maintained below 5° 
during the addition and afterwards for an hour. The mixture 
was poured on to ice and processed in the usual manner. A 
yield (5»0 g0) Qf 1-chloro-l-hydroxymethylcyclohexane was 
obtained; b.p. $ 3 - $ k ° (2.1-1- mm.), d^j^ 1.1126, n^Op l.lp905, 
MRexp.38.2, MRca]_Co38.7 (Reported*^: b.p. 90-93°(l8 mm.)).
e. l-Chloromethylcyclohexanol^3o
1-Chloro-l-chloromethylcyclohexane (10.0 g . ,  0.06 mole) 
(see p. 59), calcium carbonate (ip g . ) and water (500 ml.) were 
refluxed for 6 hours. Most of the dichloride was recovered (6.0 
g o ,  60$) but a 28$ yield (1.0 g . ) of a chlorohydrin was obtained
(93) Sparks and Nelson, J. Am. Ghem. Soc., 58, 1010
(1936).
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b.p. 5 k - 5 5 °  ( k mm.), d20[, 1.127, n20D 1.^02^, MRexp>38«9,
^®calc.38.7.
Comparison of the physical constants and infrared 
spectrum with the suspected 1-chloromethylcyclohexanol 
obtained by the addition of hypochlorous acid to methylene- 
cyclohexane suggests that they are identical.
f. 1-Chloro-l-hydroxymethylcycloheptane^-.
(1) Methylenecycloheptane oxide.
The 1-chloromethylcycloheptanol (I)-.8 g„, 0.03 mole) 
obtained in the addition of H0C1 to methylenecycloheptane 
and 10,0 g,(0.l8 mole) of potassium hydroxide gave 2.0 g.
(1+2.%) of recovered chlorohydrin and l.ij. g. (70$) of a 
compound assumed to be methylenecycloheptane oxide; b.p.
81+-8£°(I4.0 mm.), d20^ 0.938, n20D 1 . ^ 2 ,  MRQxpo36.1|, MRcalc# 
36.1̂ .
(2) 1-Chloro-l-hydroxymethylcycloheptane. , 
Methylenecycloheptane oxide (1.5> g., 0.12 mole) and
concentrated hydrochloric acid (15> ml.) gave 0.5> g. (26$) of 
a chlorohydrin with b.p. 70-71°(2 mm.), d2^  1.128, n2^p
1 . 5 1 1 k , MRexpA2.£, MRcalc-43.3.
Examination of the physical constants and infrared 
spectrum of the above chlorohydrin and that of the suspected 
1-chlorp-l-hydroxymethylcycloheptane isolated from the 
addition of H0G1 to methylenecycloheptane suggests that they 
are identical.
g. 1-Chloromethylcycloheptanol^-.
Hydrolysis of 2.0 g.(0.01 mole) of 1-chloro-l-chloro-
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methylcycloheptane (see p„ 6l) with an aqueous suspension 
of calcium carbonate gave 0.7 g.(39$) of a chlorohydrin 
with b.p. 56-58°(2 mm.), d20^ 1.118, n20D 1.1+997, MRexp# 
1+2»6, .̂ -3«3.
Comparison of the physical constants and infrared 
spectrum of the above chlorohydrin with that of the 
suspected 1-chloromethylcycloheptanol obtained from the 
addition of H0C1 to methylenecycloheptane suggests that 
they are identical.
D. THE ADDITION OP HYP0BR0M0US ACID9^ TO METHYLENECYCLO- 
ALKANES.
Procedure _A9*.
Approximately 0.12 mole of methylenecycloalkane and
100 ml. of water were placed in a 1-liter, 3-neck flask
equipped with a stirrer and a thermometer. N-Bromosuccin-
imide (23 g., 0.12 mole; 95$ purity) was added in small
portions. The mixture was stirred vigorously while the
096temperature was maintained at 10-20 . The disappearance
of the N-bromosuccinimide is a criterion of the progress 
of the reaction. The mixture was allowed to stand half an 
hour after all the N-bromosuccinimide had been added. The
(91+) The ratio of the addition products was found 
to be the same whether pure HOBr solution or N-bromosuccin­
imide was used.
(95) Adapted from Guss and Rosenthal, J. Am. Chem. 
Soc., 17, 251+9 (1955).
(96) With methylenecyclopentane the temperature was 
maintained at 0-5° since the products are unstable.
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lower layer was separated, washed with dilute sodium carbonate 
solution and with water and was dried with anhydrous magnesium 
sulfate. The refractive index and the infrared spectrum of the 
product were taken. The washings and the aqueous layer were 
combined and extracted with ether to recover the remainder of 
the product*^. The ether was removed with the aspirator and 
the residue was fractionated. The components of the product 
were identified by comparison of the physical constants and 
infrared spectra with authentic samples synthesized by inde­
pendent methods.
Procedure
Silver sulfate (15>3 S» > 0*75> mole) and water (l+OO ml.) 
were placed in a 2-liter, 3"n-®ck flask equipped with a 
stirrer and a dropping funnel. The flask was cooled with 
an ice-bath to approximately £° and 12£ g,(0.69 mole) of 
bromine was added dropwise. The precipitate was filtered 
and washed with 100 ml. of water. The hypobromous acid 
solution was distilled in the dsrk under reduced pressure 
with a water bath at if.0-50°.
The concentration of the hypobromous acid was 
determined with potassium iodide and thiosulfate solutions. 
Slightly more than the theoretical amount of hypobromous
(97) Purification of the product at this point by 
steam distillation produced a large amount of cycloalkane- 
carboxaldehyde except for that from methylenecyclobutane 
which produced an unidentified hydrocarbon.
(98) Adapted from Branch and Jones, J. Chem. Soc.,
2317 (19^).
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acid was added in portions to approximately 0.12 mole of 
methylenecycloalkene. The details are similar to that of 
the addition of H0C1 to methylenecycloalkanes (p.lf-O),
1. Isobutylene.
The addition of hypobromous acid to 8.9 g„(0.l6 mole) 
of isobutylene gave 18.8 g.(77.1|-$) of product which consisted 
of 97$ l-bromo-2-methyl-2-propanol (b.p. 62-62.5°(31 mm.),
d20[̂ 1 .14-510, n20p 1.14-722; reported^ ; b.p. 61-62° (31 irnn.), 
d25ĵ  1,14.379 n25p lolj.710) and 3$ of an unidentified fraction 
which was thought to be 2-bromo-2-methyl-l-propanol. The 
unidentified fraction had infrared bands at 6.10 and 12,58 p .  
Oxidation with CrO^ gave a product with an absorption band 
at 5o69 p>
2. Methylenecyclobutane.
Addition of hypobromous acid to 7.0 g.(0.10 mole) of methy­
lenecyclobutane gave 13.2 g.(78.1$) of product which consisted 
of 99$ 1-bromo-l-hydroxymethylcyclobutane (b.p. 63-56°(10 mm.),
\ d2®^ 1.5057, 1 o5036) and 1$ of an unidentified material
which has an absorption band attributable to a carbonyl group. 
The suspected 1-bromo-l-hydroxymethylcyclobutane yielded 
a hydrocarbon (b.p. 58-80°, d2^  0.671, 1.3758; Anal.^*3
C, 83.32, 83.56$; H, 16.51, l k ' 3 k % ) on treatment with 50$ 
aqueous potassium hydroxide solution. The hydrocarbon obtained 
is the same as that obtained from the analogous chlorohydrin. 
Their infrared spectra are identical. The above bromohydrin
(99) Suter and Zook, J. Am. Ghem. Soc., 66, 738 (19I4I4.).
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also formed a precipitate instantly with an alcoholic solution 
of silver nitrate and gave negative tests with the Lucas 
reagent and with sodium iodide in acetone.
3. Methylenecyclopentane„
The addition of hypobromous acid to 10.0 g.(0.12 mole) 
of methylenecyclopentane gave 13.0 g. (66.9$) of product which 
consisted of 91$ 1-bromo-l-hydroxymethylcyclopentane (b.p. lj.5- 
lj.6°(2 mm.), d20ĵ 1.14-63? n20Q 1.5126) and 9$ of methylenecyclo­
pentane oxide (b.p. Iĵ-ljlj.0 (61.I4. mm.), d20^ 0 .9221+, n20£) I.I4.288).
The suspected 1-bromo-l-hydroxymethylcyclopentane formed 
a precipitate instantly with an alcoholic solution of silver 
nitrate and gave negative tests with the Lucas reagent and 
with sodium iodide in acetone. Acid hydrolysis with 5 M hydro­
chloric acid (refluxed for 5 hours) gave a 70$ yield of cyclo-
pentanecarboxaldehyde; b.p. 5^-55°(35*5 mm.), d20]̂ 0.919,
n20£ 1,14.314.6; reported100: b.p. 135°).
1}.. Methylenecyclohexane.
Addition of hypobromous acid to 10,0 g.(0.10 mole) of 
methylenecyclohexane gave 18.0 g. (89.14-$) of product which 
consisted of 98$ 1-bromo-l-hydroxymethylcyclohexane (b.p.
55-56°(2 mm.), m.p. 82-83°; reported^1 : m.p. 82°) and 2$ 
of cyclohexanecarboxaldehyde (b0p, 5l-52°(ll mm.), d20^ 0.931? 
n20D I0I4I1.92; reported^; 6l-63°(2l4. mm.), n1^  1.14-503).
(100) Glemo and Ormston, J. Ohem. Soc.t 362 (1933).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
£2
5>° Methylenecycloheptane,
The addition of hypobromous acid to 8,7 g.(0,08 mole) 
of methylenecycloheptane gave 13.5 go(87,3$) of product 
which consisted of 87$ of 1-bromo-l-hydroxymethylcycloheptane 
(b.p, 73-75°(3 mm,), d^O^ I.3I4.O, n^^p 1.5225) and 13$ of cyclo- 
heptanecarboxaldehyde (b.p. I4.6-IJ.70 (!}. mm.), n2%  1 .I4.625).
The bromohydrin isolated above gave the same chemical 
tests as the analogous cyclopentane derivative. Acid hydro­
lysis (p.5>l) with 5 M hydrochloric acid gave a 60$ yield of 
cycloheptanecarboxaldehyde; b.p. I4.5-I4.70 (JLp mm.), n^^j^ 1.14-628.
THE SYNTHESES OF THE ADDITION PRODUCTS FROM HYPOBROMOUS ACID 
AND METHYLENECYCLOALKANES.
a. 1-Bromo-l-hydroxymethylcyclobutane^i.
Methylenecyclobutane oxide (0.5 go, 0.06 mole) (p.I4J4.) 
and concentrated hydrobromic acid (15 ml,, Ip8$ ) gave 0.2 g. 
(21$) of a bromohydrin; b.p. 6l|.-65o (10 mm.), d20ĵ 1.5061, 
n20D I.50I4-I.
Comparison of the physical constants and infrared 
spectrum with the suspected 1-bromo-l-hydroxymethylcyclo- 
butane obtained from the addition of hypobromous acid to 
methylenecyclobutane suggests that they are identical.
b. Methylenecyclopentane oxide.
Potassium hydroxide (15 g., 0,27 mole) and water (15 
ml.) were placed in a 100-ml,, 3-neck flask equipped with 
a stirrer and a dropping funnel. With the temperature 
being maintained at 0-5°s ll+oO g,(0.08 mole) of 1-bromo-l-
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hydroxymethylcyclopentane was added slowly. Half an hour 
after all the bromohydrin had been added, the ice-bath was 
removed and the stirring was continued an hour longer. The 
oxide was extracted with ether, dried with anhydrous magnesium 
sxilfate and distilled. Some of the bromohydrin was recovered 
( 3 o 0  g., 21$) and ij..O go(73$s based on unrecovered bromo­
hydrin) of methylenecyclopentane oxide was collected; b.p. 
^3-U4°(6l.l| mm.), d20^ 0.9226, n20D I.I4.290, MRexp927o3, 
®calc„27 o5»
The suspected methylenecyclopentane oxide was refluxed 
(6 hours) with a suspension of anhydrous magnesium bromide^ 
in anhydrous ether. A £0% yield of cyclopentanecarboxal- 
dehyde was obtained; b.p. 55-56°(36 mm.), n2^  l.I|-3l4-5. 
(Authentic sample of cyclopentanecarboxaldehyde: b.p. 5U-—
5Jio5°(35.5 mm.), n20D 1.1+3^3.)
c „ l-Bromo-l-hydroxymethylcyclopentane^-.
Methylenecyclopentane oxide (1|..0 g., 0.05 mole) and 
concentrated hydrobromic acid (20 ml., 14-8$) gave a 19$ 
yield (l.lj. g„) of a bromohydrin with b.p. l4.5~^6°(2 mm.), 
d20^ 1.14-63, n20D 1.5126, MR0xpo36.9, MRcalCe37.0, and 
0.5 go of cyclopentanecarboxaldehyde; b.p. 55”56°(36 mm.), 
n20D 1.14.314.8.
Comparison of the physical constants and infrared 
spectrum with the suspected 1-bromo-l-hydroxymethylcyclo- 
pentane obtained from the addition of hypobromous acid to 
methylenecyclopentane suggests that they are identical.
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d0 Cyclopentanecarboxaldehyde 0
Methylenecyclopentane glycol-1-0-*- (8„0 g., 0„07 mole) 
and concentrated hydrobromic acid (20 ml., k-^%) were heated 
for 3 hourSo Ice was added to the mixture and solid sodium 
carbonate was added to neutralize the acid. The aldehyde 
was extracted with ether and processed in the usual way0 
On distillation, 2o0 g.(30$) of cyclopentanecarboxaldehyde 
was collected? b0p0 (35«5 mm.), d^0^ 0.919£s
I0I4.3I4.3, MRexp e27o8p ® calc„^'^» semicarbazone, m.p. 123- 
12l4-°o (Reported-1-00: b.p. 135°; semicarbazone, m.p0 123°.) 
e0 Cyclohexanecarboxaldehyde.
This preparation is described on page 2I4.0 
f„ 1-Bromo-l^hydroxymethylcyclohexane-1-0 ,̂
Methylenecyclohexane oxide (8.9 g., 0o08 mole) (p„26) 
and concentrated hydrobromic acid (20 mlc, ij.8^) gave a 5>9$ 
yield (9o0 g. ) of l-bromo-l-hydroxymethylcyclohexane; b.p. 
5>£~!p60(2 mm„), m.p. 82-83°o (Reported*?!: m.p, 82°.)
Acid hydrolysis (£ M hydrochloric acid) of 1-bromo-l- 
hydroxymethylcyclohexane (refluxed for 3 hours) gave an 
83$ yield of cyclohexanecarboxaldehyde; b.p. £l-5>2°(11 mm.), 
n20D i0[(l(.92 o
(101) Prepared from methylenecyclopentane and 
peroxyformic acid^o in %Q% yield.
(102) Adapted from Winstein and Lucas, J. Am. Chem. 
Soc., 6l, 1^78 (1939)o For details see p. 62.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
g. 1-Bromo-l-hydroxymethylcycloheptane and Cycloheptane­
carboxaldehyde.
(1) Methylenecycloheptane oxide.
1-Chloromethylcycloheptanol (I4..8 g„, 0.03 mole) and
a 50%> aqueous solution of potassium hydroxide (20 g.) were 
heated for 3 hours. On distillation, 2.0 g. (1|.2$) of the 
chlorohydrin was recovered and 10!(. g„ (,70%) of methylene­
cycloheptane oxide was collected; b.p. 8lp-85°(1+0 mm.), d2(̂  
0.938, n20D 1. ^ 2 , MRexpo36.l4-, MRcalc#36.7.
(2) 1-Bromo-l-hydroxymethylcycloheptane and Gycloheptane- 
c arboxaldehyde.
The suspected methylenecycloheptane oxide (2.0 g.,
0.02 mole) was added to concentrated hydrobromic acid (15 
ml., l\.Q%). A 14-0$ yield (1.3 go) of a bromohydrin (b.p. 73- 
7i+0 (3 mm.), d20^ 1.339, n20D 1.5232, MR0xp^ 6ol, MRcalc>^6.2) 
and a 20$ yield (O.I4. g.) of cycloheptanecarboxaldehyde (b.p. 
lf-5* 5-lf-60 (If-. 1 mm.), n ^ ^  l„lp621; semicarbazone, m.p. I5l4--l55°») 
(Reported1®^: b.p. 60-62°(8 mm.); semicarbazone, m.p. 155- 
156°.)
Examination of the physical constants and infrared 
spectrum of the above mentioned bromohydrin and that of the 
suspected 1-bromo-l-hydroxymethylcycloheptane suggests that 
they are identical. Acid hydrolysis (5 M hydrochloric acid) 
of the above mentioned bromohydrin gave a 50$ yield of 
cycloheptanecarboxaldehyde; b.p. lq.6—14.7° (4»5 mm.), n2^  1.14-625.
(103) Reppe, et al„, Ann. „ 560, 1 (I9I4-8) „
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E. THE ADDITION OP CHLORINE10** TO METHYLENECYCLOALKANES.
In the Absence of Extraneous Anions „
Approximately 0.12 mole of methylenecycloalkane and 
100 ml, of carbon tetrachloride were placed in a 200-ml., 
3-neck flask equipped with a stirrer, a gas-dispersing tube 
and a gas-outlet tube. With the temperature being maintained 
at 0° to “5° 3 chlorine gas was passed into the solution 
for approximately 3 hours. The mixture was washed with water, 
with dilute sodium carbonate solution and with water. It was 
dried with anhydrous calcium chloride, the solvent was 
removed with the aspirator and the residue was fractionated.
In the Presence of Extraneous Anions.
The chlorination of approximately 0.12 mole of methyl­
enecycloalkane was carried out in the presence of a saturated 
solution of either sodium chloride (35 g« in 100 ml, of 
water) or sodium nitrite (72 g, in 100 ml. of water). The 
product was extracted with ether, washed, dried and 
fractionated.
(10lp) The addition of chlorine is quite peculiar. 
The addition of bromine to methylenecyclopentane and to 
methylenecyclohexane gave the expected dibromides in fairly 
good yields| of 1-bromo-l-bromomethylcyclopentane, b.p, 33-3^°(2 mm,), d20. 1.7330, n20D 1.^39^• and of the 
cyclohexane analog, b.p. 62-63°(3 mm,), d20  ̂ lo65>90, n20p 
1,5^32 (reportedl05 : b.p. 112o(l6 mm.), n20D )).
The addition of bromine to methylenecyclobutane also gave predominantly the expected dibromidelo6a
(10£) Arnold and Lee, J„ Am. Chem. Soc., 75. 5396
(1-953). ---------------
(106) Applequist and Roberts, J. Am. Chem. Soc.,
78, Q7k (1956). ----------------
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1. Methylenecyclobutane.
a° In the Absence of Extraneous Anions,
Addition of chlorine to 10.5 g.(0.l5 mole) of methyl­
enecyclobutane gave 111.8 g. of product which was fractionated. 
The following fractions were collected: (a) 4°0 g.(19$) of 
1-chloro-l-chloromethylcyclobutane; b.p. l|9-50° (ill- mm„), 
d20^ 1.175, n20D 1.4777, MRexpo33o25, MRcalCo33a30 (reported90: 
67-690(36 mm.), dl5^ 1.1772, n*5D 1.4756); (b) 2.8 g. (13#)
of 1,1-bis (chloromethyl)cyclopropane; b.p. 56-57° (14 mn®) 9 
d20^ 1 .180, n20D 1.4832, MRexp.33'^' MRCalc.33«53j (c) 3-2 g. 
(10^) of 1.2.4-trichloro-2-chloromethylbutane; b.p. 55“56°
(6.3 mm.), d20^ 1.305, n20D 1.4945, MRexp#44.95, MRcalc.1̂ ? 6 «
The structures assigned to fractions (b) and (c) were 
based on the behavior of methylenecyclobutane to bromine-^^. 
Both fractions were saturated to permanganate, gave preci­
pitates with sodium iodide in acetone and showed no double­
bond infrared absorptions.
2. Methylenecyclopentane.
a. In the Absence of Extraneous Anions.
The addition of chlorine to 11.7 g.(0.l4 mole) of 
methylenecyclopentane gave 17®3 g. of product which 
consisted mainly of polymeric material. Two fractions were 
isolated: (d) 2.0 g. (12$) of the suspected 1-chloromethyl- 
cyclopentene; b.p. 69-71°(i|2 mm.), d20^ 1.021, n20D 1.1|732, 
MRexp.32.48, MRcalc#32.11; (e) and 2.5 g.(li|#) of the 
suspected 1-chloro-l-chloromethylcyclopentane; b.p.
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55-56°(7 mm.), d20^ 1.191, n20D 1.[4.982, MRexpo37<.39,
MRcalc o 37
The suspected 1-chloromethylcyclopentene was unsaturated 
to permanganate and bromine in carbon tetrachloride, gave 
precipitates with alcoholic silver nitrate and sodium iodide 
in acetone, and showed double-bond infrared absorptions.
The suspected 1-chloro-l-chloromethylcyclopentane was 
saturated to permanganate and bromine in carbon tetrachloride, 
gave precipitates with alcoholic silver nitrate and sodium 
iodide in acetone, and showed no double-bond infrared 
absorptions.
b . In the Presence of Sodium Chloride.
The addition of chlorine to 10.Og.(0.12 mole) of 
methylenecyclopentane in the presence of sodium chloride 
gave l k o h go of product which consisted mainly of polymeric 
materials. Some of the suspected 1-chloromethylcyclopentene 
(3o0 g., 21$) (b.p. 69-71°(i|.2 mm.), n20D 1.14-735) and 2.0 g. 
(11$) of the suspected 1-chloro-l-chloromethylcyclopentane 
(b.p. 59-60°(8.5 mm.), n^O^ 1.14.985) were collected.
c . In the Presence of Sodium Nitrite.
The chlorination of 10.5 g.(0.13 mole) of methylene­
cyclopentane in the presence of sodium nitrite gave 13-5 g» 
of product which was very unstable. The decomposition was 
fast even at room temperature. Fractionation of the product 
gave, besides tar, 2.5 g.(17$) of the suspected 1-chloro- 
methylenecyclopentene (b.p. 69-71° (1+2 mm.), n20p) I.I4.736) 5 
1.5 g. (13$) of the suspected l-chloromethyl-l-nitrito-
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cyclopentane (b.p. 52-53°(3<>2 mm,), d20]̂ 1 .232, n2°D 
1 Oip980y MRexp 038.53p MRcalCo38„92) and 2.0 g. of an 
unidentified fraction (b.p. 55-56°(57o2 mm.), d20^ 0.979, 
n^ D  1*^565) o
The unidentified fraction gave a positive test with 
alcoholic silver nitrate, liberated HBr with bromine in GCl^, 
readily reduced neutral permanganate, gave no infrared 
absorption bands between 6 .1~6.§u (covalent nitrite) and 
decomposed on standing.
The suspected l-chloromethyl-l«nitritocyclopentane 
gave a positive test with sodium iodide in acetone, showed 
infrared absorption bands attributable to a covalent nitrite 
(6.08 and 6 .I4I4. pi) and also showed absorption bands similar 
to the suspected 1-chloromethylcyclopentene at a region 
attributable to a primary chloride (12.0 to lip.7 p~°)«
3 o Methylenecyclohexane.
a. In the Absence of Extraneous Anions.
The addition of chlorine to l5°0 g. (0.16 mole) of 
methylenecyclohexane gave 11.0 g. of product which was 
fractionated. The fractions collected were: 8.0 g. (39$) 
of 1-chloromethylcyclohexene (b.p. 5ii“58°(l6 mm.), d2*^
1.010, n20D 1.1^930, MRexPo37.32, MRcalco 36.73? reported105 ;
b.p. 78°(32 mm.), n25D l.lj.912) and 1.5 g®(6$) of 1-chloro- 
1-chloromethylcyclohexane (b.p. 85-87° (15 mm.), d20^ 1.169, 
n20p l.Ij.915, MReXpol|.1.7s MRcaic„^2,,1» reported10 :̂ b.p.
97°(32 mm.), n2°D l.lj.910).
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b 0 In the Presence of Sodium Chloride.
The addition of chlorine to 13»2 g, (O.II4. mole) of 
methylenecyclohexane in the presence of sodium chloride 
gave l60£ go of product which was fractionated0 Besides 
a high boiling material, the following fractions were 
collected: 1 .5> g»(8%) of l~chloromethylcyclohexene (b.p. 
5l4-“56°(l6 m m 0)9 n20D 101|92 )̂ and 6,5 go (29$) of 1-chloro- 
1-chlorometh.ylcyclohexane (b0p 0 85“87°(15> mm,) 9 n2^D 
loij.918).
c . In the' Presence of Sodium Nitriteo
The addition of chlorine to 16.0 g. (0.17 mole) of 
methylenecyclohexane in the presence of sodium nitrite 
gave 16.0 go of product which was fractionated. The 
fractions collected were: l+.O g. (19$) of l-chloromethyl- 
cyclohexene (b.p. îj.-̂ 6°(l6 mm,), n20D l<,l+932) , 0,2 g.(l^) 
of l-chloro“l “*chloromethylcyclohexane (bop 0 85-87°(l5 mm.), 
1,I}.917) 2.0 g.(7$) of the suspected 1-chloromethyl-
1-nitritocyclohexane (b.p, 35’~370 (2.7 mm. ), d20ĵ I.II4.I, 
n20D 1.1+829, MRQXpoL+l+.209 MRcalc k U l )  and l+.O g.(ll+$) 
of the suspected l-chloro'-l-nitritomethylcyclohexane (b.p. 
L+5-1+70 (1.5 mm.) P d20^ 1.160, n20D 1.1+929, MRexPo¥t-.^»
^®calc.^-8o^3 ) o
The suspected l-chloromethyl-l-nitri tocyclohexane 
had Infrared bands at £.77, 5®96, 6.11+ and 6.1+6 p. (covalent 
nitrite), gave a positive test with sodium iodide in acetone 
and showed absorption bands similar to the suspected
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l^chloromethylcyclohexene at a region attributable to a 
primary chloride (12.0 to llf.,7 /*<>) •
The suspected 1-chloro-l-nitritomethylcyclohexane had 
infrared absorption bands at 5 .77? 6.02, 6.11+. and a broad 
band at 6,38-6.36 (covalent nitrite), gave a negative 
test with sodium iodide in acetone and reacted instantly 
with an alcoholic solution of silver nitrate. It also 
decomposed on standing.
Ip. Methylenecycloheptane.
a. In the Absence of Extraneous Anions.
The addition of chlorine to 1|.3 gotO.Oif. mole) of 
methylenecycloheptane gave £.0 g. of product which was 
fractionated. Some of the suspected 1-chloromethylcyclo- 
heptene (2.0 g., 36$) (b.p. L\.7-k-Q° mm.), <d2(̂  1.001,
n20D 1.^82$, MRexp,lj.l.lO, MRcalc>i|.1.10) and 0.9 go(ll$) 
of the suspected l-chloro-l-chloromethylcycloheptane (b.p. 
61-62°(3.3 nrnio ), d20^ 1.0^5, n20D l.ltflO, MRexpoij.8.69, 
MRcaic.^-S,88) were collected,,
The suspected 1-chloromethylcycloheptane was unsaturated 
to permanganate and to bromine In carbon tetrachloride, gave 
precipitates with alcoholic silver nitrate and sodium iodide.
The suspected 1-chloro-l-chloromethylcycloheptane was 
saturated to permanganate and to bromine in carbon tetrachlo- 
ride, gave precipitates with alcoholic silver nitrate and 
sodium iodide In acetone, and showed no double-bond infrared 
absorptions.
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P. THE REACTION OP HYDROBROMIC ACID WITH METHYLENECYCLOALKANE 
OXIDES,
Approximately O.l mole of methylene eye loalkane oxide 
was added slowly to 20 ml. of concentrated hydrobromic acid 
(14.8$). The mixture was maintained at 0-5°„ After all the oxide 
had been added, the mixture was stirred for an hour longer. 
Solid sodium carbonate was added to neutralize the excess acid. 
The mixture was extracted with ether and the extract was 
processed in the usual way. The ether was removed, the infra­
red spectrum was taken and the ratio of the products was 
checked by fractional distillation of the reaction products.
Since the physical constants of the products obtained 
in this series of reactions are reported at appropriate 
places in this Dissertation (preparation of 1-bromo-l-hydroxy- 
methylcycloalkanes), they will not be repeated here. The 
various evidences for the structure of the products obtained 
in each reaction are also presented therein.
1, Methylenecyclopentane Oxide0
The addition of hydrobromic acid to 0 g. (000I4. mole) 
of methylenecyclopentane oxide gave 2,5 S« (4-£$) of product 
consisting of 65$ 1-bromo-l-hydroxymethylcyclopentane and 
35$ of cyclopentanecarboxaldehyde.
2. Methylenecyclohexane Oxide.
The addition of hydrobromic acid to 8.9 go(0.08mole) 
of methylenecyclohexane oxide yielded 10.0 gs (68$) of
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product consisting of 9 1-bromo- 1-hydroxymethylcyclo- 
hexane and 5$ of cyclohexanecarboxaldehyde *
3» Methylenecycloheptane - Oxide,
The addition of hydrobromic acid to 2.0 g. (0.02 mole) 
of methylenecycloheptane oxide gave 2.1 g«(87$) of product 
consisting of 68^ 1-bromo-l-h.ydroxymethylcycloheptane and 
32$ cycloheptanecarboxaldehyde.
A summary of the principal products in additions to 
methylenecycloallcanes is presented in Table III.
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III. INTERPRETATION OF RESULTS
"It isn’t simple at all . . . It’s desperately 
complicated,, But at the end there’s light."
Steinbeck
Ionic additions to exo-cycllc olefins may be considered 
to go through the following steps :
^  x*
/  \  x* *
\ . . V  ««• —
>. /Al /  V S  /CM\, X
 ̂ .»« CM v
H E
Applying the generalization developed by Brown, Brewster and 
Shechter^, we may expect (X) to be the favored transition 
state for the 'Ip- and 6-membered ring systems and (IX) for 
the and 7-membered ring methylenecycloalkanes^-07 „ Conse­
quently, the composition of the product^® may b© predicted
(107) There are 3 sources of sterlc strain-*-^: (a) 
the compression of van der Waals radii, (b) the distortion 
of bond angles, more correctly, poor orbital overlap, and 
(c) bond opposition forces,, For small rings (3 and!*), the 
Internal strain arises primarily from poor orbital overlap 
while in the 5-membered and larger rings, the strain is 
attributed mainly to repulsion terms arising from unfavorable 
conformations. For medium rings (8-12-membered) both bond 
opposition and compression of van der Waals radii may be 
involved.
(108) Barring rearrangements.
(109) Brown, J. Chem. Soc.. 121*8 (1956).
65
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by considering which transition state can be sterically 
accomodated with the least strain by the various ring 
systems,
HYDROGEN BROMIDE ADDITIONS 
When the affinity of the electrophilic group is 
relatively weak (e.g,, a proton), the original electron 
distribution of the double bond may be only mildly disturbed 
so that a pi-complex rather than a carbonium ion may be 
initially formed^O, Hence, the addition of hydrogen halides 
to olefins may involve the formation of a pi-complex which 
then isomerizes to a carbonium ion0 This is suggested by 
studies on olefin hydration, Taft-*--*--*- has presented evidence 
that the transition state in the hydration of isobutene 
must be a conjugate acid of the olefin which is not firmly 
bound to any water molecule since the rate follows Hammett's 
acidity function (Hq) rather than the hydrogen ion concen­
tration (pH) o The transition state was interpreted as invol­
ving a unimolecular isomerization from one unstable inter­
mediate to another. The pi-complex and the carbonium ion 
fit the needs of the two required intermediates. Theoretical
(HO) The pi^complex is of such nature that the 
stereochemistry of the olefin is preserved in the fast 
reversible step. The positive charge is probably nearly 
equally shared by the two carbon atoms, while in the carbon­
ium ion, one of the two carbon atoms bears a greater portion 
of the charge and the preservation of the stereochemistry of 
the positive carbon depends on the nature of X,
(111) Taft, J. Am, Ghem, Soc.n 2k? 5372 (1952).
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analysis by Dewar^l suggests that the relative stability 
of the pi-complex with respect to the carbonium ion may 
make the conversion of the former to the latter the rate 
determining step0 This suggestion is supported by the 
studies of Kwart and Weisfeld^^-^ concerning the hydration 
of optically active 3-^-menthene. They excluded the 
mechanism which requires the carbonium ion to be formed 
rapidly and reversibly in a non-rate determining step.
They concluded that the rate-determining step of the 
reaction (in agreement with the mechanism proposed by 
Taft) is the transition from a pi-complex to a carbonium 
ion with little or no return from the carbonium ion, Dewar^ 
also indicated that there are theoretical reasons for 
beleiving that the above process requires activation.
The experimental data show that in the ionic addition 
of hydrogen bromide to the methylenecycloalkanes, 1-bromo-
1-methylcycloalkanes were the only products isolated-^3* 
This suggests that the tendency to form the most stable 
carbonium ion (type IX) outweighs any influence ring size 
may exert in the conversion of the pi-complex to the car­
bonium ion. Using the stabilization energies quoted by
(112) Kwart and Weisfeld, Abstract of Papers, 128th 
A .CoS, Meeting at Minneapolis, Minn,, p, "55“0 , 1955 <>
(113) Except in the case of methylenecyclobutane 
which is very susceptible to rearrangement. However, the 
isomeric bromomethylcyclobutane was not detected.
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BakerH^-j, the difference in stabilization energies between 
a tertiary (with 7 alpha-hydro gens) and a primary (with 1 
alpha-hydrogen) carbonium ion may be estimated and amounts 
to approximately 16 kcal„/mole. The experimental data 
then suggest that the destabilizing effect of ring strain 
in (X) is less than 16 kcal0/mole0 The mechanism of ionic 
addition of hydrogen bromide to methylenecycloalkanes may 
be represented as:
/ ° * \  i
CM, m r H
/ -  / \\  ^  / X \
(6 *,\ ' — ^  (& $ *.-$  0 -0 *2
H
The hydrogen bromide probably dissociates first since the 
covalent acid as such cannot protonate the olefinll5„ In 
the case of methylenecyclobutane, transannular participation 
in the cyclobutane r i n g - 1-0 ^ may be responsible for the 






OH N ‘t '' 3^ 1 . fl
CM,
( l l i f )  B aker, " Hyper c o n ju g a tio n ,,11 O x fo rd  U n iv e rs ity  
P ress , London, 1 9 5 2 , p735l
(115) This is the conclusion reached by de la Mare, 
Hughes, Ingold and Pocker (Ju Chem0 Soc»9 2930 (195^)) to 
explain the kinetic effect exerted by Br~ and 01“ in the 
addition of HBr and HG1 to isobutylene in nitromethane 0
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The experimental data on the radical addition of 
hydrogen bromide to methylenecycloalkanes also indicate 
that the effect of ring strain, if any, is less than the 
stabilizing energy gained by forming the free radical with 
the least free energy. With the help of the stabilization 
energies quoted by Baker-1-^, the difference in stabilizing 
energies between a tertiary free radical (with 7 alpha- 
hydrogens) and a primary free radical (with 1 alpha- 
hydrogen) is estimated to be about 5-7 kcal./mole. It seems 
that the destabilizing energy due to ring strain in the 
free radical^® is less than the above value.
Examination of the physical constants reported for 
bromomethylcyclobutane shows that the radical addition 
product obtained here and the one reported by Krug, Smith 
and Pry7^- are probably identical but that they are different 
from the material described by two other groups of inves- 
tigators^^5^^. The infrared spectrum of the addition product 
has an absorption band at 7.26 p. which may be ascribed to a 
methyl group,, However, the nuclear magnetic resonance 
speetrumll9 suggests the following tentative conclusions,
(118) Similar to (IX) or (X) in which the ring 
carbon is an sp2 hybrid with the odd electron in a 
perpendicular £-orbital.
(119) The author is indebted to Dr. Homer Hix and 
Dr. J. R. Zimmerman, of the Magnolia Petroleum Company, 
Dallas, Texas, for the nuclear magnetic resonance spectrum 
and interpretation.
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quoted from the report by Dr. Zimmerman:
"(a) on the basis of the two models suggested 
(bromomethylcyclobutane and l-methyl-l-bromo- 
methylcyclopropane) there is evidence only for 
the structural model
(b) There are at least four distinct hydrogen 
groups (groups having different electronic 
environments) associated with this molecule.
(c) There is one sharp spectral line which 
appears to have no relation to the molecule 
studied. It is presumed that it probably 
arises from a cyclic compound (cyclopentane 
or one of higher molecular weight) which is 
present as an impurity with a concentration 
of about Vfo molecular ratio, (d) There is 
strong evidence of the existence of a single 
hydrogen in one of the chemical groups, 
presumably at the 1C position, (e) The 
electron coupling between the hydrogens and 
the bromine nuclei in the 5C group is 
unusually strong. To a lesser extent there 
is an interaction b6tween the 1C hydrogen 
and the 5>C group. There is some suggestion 
that a "bridge” type electronic bond exists 
between the bromine and the 1C hydrogen, (f)
There is no evidence of the second chemical 
model."
Kuivila and Masterton^® attempted to synthesize bromo­
methylcyclobutane by treating cyclobutylcarbinol with 
phosphorus tribromide in an effort to minimize the possi­
bility of a rearrangement observed when concentrated hydro
7 6bromic acid was used . They obtained a product whose 
physical constants-^-*- are very close to those reported by
(120)KuiVila and Masterton, J. Am. Chem. Soc.„ 7i4-» 
1+953 (1952).     ^
(121) B.p. 135-136°, d27 1.366, n2^D 1.1+825.
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previously mentioned,,
Kinetic analysis by Kuivila and Masterton-^^ indicated that
their product was a mixture of bromomethylcyclobutane (ljlj$)
and bromocyclopentane (S>6$) o Infrared analysis of various
fractions of the radical addition product suggests the
presence of only one compound and rules out the possibility
of the formation of more than one product,,
It is interesting to consider the hybrid radical inter-
122mediate suggested by Goering, Abell and Aycock to account 
for the stereochemistry of radical addition to cyclic olefins 
since approximate molecular orbital treatment^ requires the 
intermediate to be open chain rather than cyclic or pi-complex 
in nature. The following observations also rule out the pos­
sibility of the formation of hybrid radical intermediates.
I. Bromine and Iodine atom-induced exchange and 
isomerization of dibromo- and didiodoethylenes-^-23 
Indicate the existence of rotational isomers of
structure CHXCH^X and a barrier greater than 3 
kcal./mole opposing the interconversion of these 
isomers by rotation about the carbon-carbon 
double bond.
(122) Goering, Abell and Aycock, J, Am. Chem. Soc.,
7k* 3588 (1955)o
W l  (1952).
(123) Mayo and Wilzbach, J. Am. Chem. Soc. 
112li- (19U-9); Steinmetz and Noyes, J. Am, Ghem. Soc
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2» The addition of thioacetic acid'*'̂ ' to 
cyclic olefins produced both, diasteriomeric
thioacetates
3. The radical addition of bromotrichloro 
methane to cis- and tranS“*2“butenes^^^
produced identical product mixtures sug“ 
gesting that the same mixture of diaster­
iomeric radicals were produced,,
Incidentallys the observed trans-addition to 1-substituted-
steric requirements of the cyclohexane ring,
HYPOHALOUS ACID ADDITIONS 
In the addition of hypochlorous acid the transition 
state may be depicted as (IX) or (X) in which X is chlorine*
Probably (XII) does not play an important part in the 
reaction since chlorine exhibits very little tendency to
(12i|.) Bordwell and Hewett, Abstract of Papers, 
126th A.C.S. Meeting at New York, N 0Y 0J 1954-j p.6-0.
(125) Skell and Woodworth, Am0 Chem* Soc„„ 77s 
U-638 (1955). ------ ----------
(126) Goering and Sims,, J„ Am„ Chem. Soc„, 77o 3̂4-65
(1955). “
cyclohexenes may be explained!26 by consideration of the
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participate in neighboring group displacement reactions-^?.
It is noteworthy that the non-Markownikoff addition of 
hypochlorous acid to allyl chloride"^® was attributed to 
the migration of the chlorine from the 1- to the 2-position 
rather than to an Sjj2 attack on the cyclic chloronium ion 
similar to (XII) 0 Examination of the experimental data 
shows that the predominating product is the one predicted 
by the I-strain theory developed by Brown* Brewster and 
Shechter. This may imply that in the addition of hypochlorous 
acid, the stabilizing energy of a tertiary carbonium ion 
relative to a primary carbonium ion is less than the 
destabilizing energy of a sterically favorable but hyper- 
conjugatively unfavorable transition state. Since this 
conclusion is opposite to that reached in the addition of 
hydrogen bromide, the size of the attacking cation must 
have an important role in determining whether hypercon­
jugation or ring strain will be the predominating factor 
in the addition. As to why this is so is a subject for 
speculation. The addition of hypochlorous acid to 
methylenecycloalkanes may be represented as:
(127) Wlnsteln and Grunwald, J. Am. Chem. Soc.. 
70, 828 (19^9).
(128) de la Mare and Pritchard, J. Chem. Soc., 
3910, 3990 (19&).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Huo. frOCL
U
lv4Li/v\. *W U-» 4"
(60 °A) 6 C 67 */#) * (5V/o) <x^C 7 (<*fr*lo),
<̂ -L. 0/f
The experimental datia in the addition of hypobromous 
acid show that it is quite different from the additions of 
hydrogen bromide and hypochlorous acid. The orientation of 
the addition is exactly the oppbsite of that of hydrogen 
bromide „ The exclusive formation of the non-Markownikoff 
product suggests that the cyclic bromonium ion (type XII) 
may be the most favorable transition state regardless of 
the ring size0 Since the addition of hypochlorous acid 
suggests that ring strain is the predominating factor in 
additions to methylenecycloalkanes involving cations of 
approximately the same size as the chloronium ion, some 
other factors must be operating in the system aside from 
ring strain and hyperconjugation which leads to the 
exclusive formation of the non-Markownikoff product. The 
following may be responsible for the observed orientation*
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a. The great tendenoy of bromine to participate 
in neighboring group displacement reactions 
favors the formation of the cyclic bromonium 
ion as the ■ intermediate or transition state 
regardless of ring size0 Analogy of the opening 
of the cyclic bromonium ion with that of cyclo- 
alkane oxides will lead to the observed products.
b. The preference of Sn2 type displacement 
reactions at the least substituted carbon atom 
in bromonium ions would also lead to the 
non-Markownikoff product.
c. The fact that isobutylene reacts normally (.!.£»* 
gives almost exclusively (97$) l-bromo-2-methyl-
2->propanol) indicates that the presence of the 
cycloalkane ring has an effect on the orientation 
of the addition. It is possible that the geometry 
of the transition state involving the attack of 
the solvent or'anion in the final phase of the 
reaction is such that repulsion between non-bonded 
atoms is much less when there is no ring present. 
Hence, the possibility of large repulsion forces 
between non-bonded atoms in the transition state 
(XV) due in part to the non-flexibility of the 
cycloalkane ring may make the primary carbon atom 
more sterically susceptible to attack by the anion 
or solvent in the concluding step of the addition.
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The addition of hypobromous acid to methylenecyclo­
alkanes may be depicted as:
The formation of cycloalkanecarboxaldehyde when n is 6 or 
7 may be due to a pinacol-type rearrangement of the bromo­
hydrin.
The methylenecyclopentane oxide which was isolated when n is 
£ probably came from the bromohydrin and not vice versa.
This is suggested by the fact that distillation of the 
decomposition product of the bromohydrin gave, besides tar, 
some oxide. The products obtained in the addition of hydrogen 
bromide to methylene cyclopentane oxide are in agreement with 
this conclusion. The formation of methylenecyclopentane oxide
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instead of cyclopentanecarboxaldehyde may be due to less 
strain in the oxide compared to the aldehyde.
Long and Pritchard-^9 investigated the hydrolysis of 
substituted ethylene oxides in oxygenpl8 labeled water 
under acidic, basic and neutral conditions. They concluded 
that the basic reaction goes by an Ŝ 2 mechanism and that 
the acid-catalyzed reaction involves a carbonium ion 
mechanism. Hence, the addition of hydrobromic acid'may 
involve an S^l mechanism. According to the I-strain theory, 
the transition state (XXI) is more stable when n is 5 and 7» 
This relative stability may facilitate rearrangement to the 
less strained aldehyde in these systems. Examination of the 
experimental data reveals a higher yield of cyclopentane­
carboxaldehyde and cycloheptanecarboxaldehyde, in agreement 
with theory,
%    X bC
• cW/ \ /'A
/  1ii-i- y  sLokv r \  j.H x  \  > /r.n. \ V_
— CM ■l
0 1 ./ \. Li Y~c
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(129) Long and Pritchard, J„ Am, Chem, Soc,, 78, 
2663 (1956), ----------------
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CHLORINE ADDITIONS 
The addition of chlorine to methylenecyclobutane is 
complicated by the ease with which cyclobutyl carbonium 
ion rearranges. The mechanism-*-®^ which can account for the 
products isolated may be formulated as follows:
CMu UL4- /  \ C-tx i .— >■ ck2m . (if> h ]
C*x CAtJUL
In the chlorination of the other methylenecycloalkanes, 
with n = 6 and 7, the formation of chloromethylcyclo-
alkenes may be due to a one-step process involving a transient 
cyclic intermediate^-30^ Arnold and Lee3-05> also obtained mostly
1-chloromethylcyclohexene in the chlorination of methylene- 
cyclohexane. The higher yield of 1-chloromethylcyclohexene 
may be due to the greater ease with which the endo-cyclic
(130) Lee, Piss. Abstr,, XV, 39 (195£).
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double bond Is accommodated by the cyclohexane ring. The 
large amount of polymeric material formed with methylene­
cyclopentane may be due to the resistance of the molecule 
to tolerate the endo-double bond while the relative absence 
of polymeric material formed with methylenecycloheptane may 
be attributed to the greater steric requirements of the latter.
The increase in the yield of the dichloride in the 
chlorination of methylenecyclohexane in the presence of 
sodium chloride may be due to the increase in concentration 
of chloride ions thereby exerting a mass effect in the 
concluding step of the addition. The behavior of methylene­
cyclopentane under the same conditions amy be due to an 
attack by the chlorine molecule on the dichloride with the 
resultant formation of a Cl^“ ion. Treatment of 1-chloro- 
1-chloromethylcyclohexane under the same conditions as the 
addition, resulted in the formation of some chloro-olefin 
and a large amount of polymeric material. The chlorination 
of methylenecyclohexane in the presence of sodium nitrite 
yielded mostly the chloro-nitrites as would be expected 
from a stepwise process. The ratio of the two isomers agrees 
with that predicted by the I-strain theory. The instability 
of some of the products formed in the case of methylene­
cyclopentane makes the assignment of orientation of the 
nitrite group quite uncertain but a stepwise process is 
clearly indicated.
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IV. SUMMARY
"So much to doj so little done."
Rhodes
The effects of ring size on the orientation of addition 
reactions of a series of methylenecycloalkanes (methylene- 
cyclobutane, methylenecyclopentanep methylenecyclohexane and 
methylenecycloheptane) were investigated.
Ionic and free radical additions of hydrogen bromide 
were found to proceed normally j jL.e.y Ionic additions led 
to tertiary bromides and radical additions to primary bromides 
Unfavorable energy contributions due to the formation of an 
intermediate or transition state with a trigonal ring carbon 
are not sufficient to cause abnormal orientations. Rearr­
anged products were obtained In the Ionic addition of 
hydrogen bromide to methylenecyclobutane but the isomeric 
bromomethylcyclobutane was not detected. The rearranged pro­
ducts were attributed to a rearrangement-*-^ Qf the strained 
cyclobutyl carbonium ion to a more sterically favorable 
structure.
In the addition of hypochlorous acidP both isomeric 
chlorohydrins were formed. The predominating product Is the 
one predicted by the I-strain theory developed by Brown9 
Brewster and Shechter^; l-chloro-l-hydroxymethy-
cycloalkane for the Ip- and 6-membered ring systems and 
1-chloromethylcyc'loalkanol for the and 7-membered ring 
systems.
80
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The addition of hypobromous acid yielded the 1-bromo- 
1-hydroxymethylcycloalkane (90-99$) and some cycloalkane- 
carboxaldehyde (1-10$) in all cases. Repulsion between 
non-bonded atoms in the transition state due in part to the 
steric requirements of the cycloalkane ring, the great 
tendency of bromine to participate in neighboring group 
displacement reactions and the preference of Sjj2 attack 
at the least-substituted carbon atom may be responsible for 
the addition going non-Markownikoff regardless of ring 
size.
The addition of hydrobromic acid to methylenecyclo- 
alkane oxides (not carried out with methylenecyclobutane 
oxide) gave 1-bromo-l-hydroxymethylcycloalkanes and cyclo- 
alkanecarboxaldehydes regardless of ring size. The varying 
amount of aldehyde formed was attributed to I-strain effects 
in the intermediate or transition state.
The addition of chlorine to methylene cyclobutane 
yielded the dichloride in addition to some rearranged 
products attributed to transannular participation in the 
cyclobutane ring-*-®0. The addition to the other methylene­
cycloalkanes gave mainly chloromethylcycloalkene probably 
by way of a transient ring intermediate^-30o ij>he products 
formed in the presence of extraneous anions were attributed 
either to mass effect or I-strain.
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